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As urban development needs to be designed in a manner that takes into consideration the 
maintaining the harmony of water cycle, it is important to understand the effectiveness of 
existing water bodies in urban landscapes. This study aimed to explore the use of urban 
lakes for stormwater storage and treatment whilst considering the property price impact 
and community benefits. To explore this, it was necessary to understand how water quality 
of urban lakes varies, the impact catchment characteristics have on the water quality, and 
the impacts of the systems on community and property prices. 
Water quality monitoring was done in the following locations: Wattle Grove Lake, and 
Woodcroft Lake and Wetland system. Parameters such as temperature, pH, dissolved 
oxygen, electrical conductivity, nitrite N, nitrate N, ammonium N, phosphate P, total 
nitrogen and phosphorus, chlorophyll a, and dissolved organic carbon were monitored 
fortnightly. The water quality data were analysed to understand the quality of the water and 
the impacts on the water quality due to rainfall and other seasonal changes. In conjunction 
with fortnightly monitoring, autosamplers were installed to obtain water samples 
immediately after a rain event to understand the quality of stormwater flowing into the 
lakes and the quality of water leaving the lakes. Water samples using autosamplers were 
collected for over a period one year. Soil samples from the study area were also collected to 
understand the chemical and physical composition of the soil in each catchment area. On 
seasonal basis, a number of sediment samples were collected at both lakes and the various 
nutrients and cations were analysed.  
The two sites also vary in design: one has a constructed wetland that acts as a pre-
treatment for the stormwater, and one does not. By comparing the water quality of the two 
sites, the impact of the constructed wetland on the water quality was investigated. The 
design of the two lake and wetland systems along with catchment area properties was also 
explored to understand the efficiency and applicability of these systems in other urban 
areas. Inlet and outlet water quality analysis revealed that catchment size and 




Soil samples in both areas indicated high levels of nutrients and iron. As such, this affected 
the water and sediment characteristics of the wetland and lake system studied. Results of 
this study show that constructed wetlands do improve stormwater quality. However, even 
with the inclusion of this system, the nutrient levels in water are still higher than the 
allowable range for such systems. It was found that the integrated system of wetland and 
lake performed better with respect to parameters such as turbidity, total suspended solids 
(TSS) and nutrients. There was about 50% removal of turbidity and TSS between the inlet 
and outlet of Woodcroft Lake. 
A community survey was conducted to understand the impact of the lakes on residents 
around the wetland/lake sites. The survey explored aspects such as wellbeing, local 
environment and property value benefits. Responses from community show that there is an 
overall positive perception of the lake and associated parkland.  When asked, over 70% of 
the respondents stated that there is a positive impact of the lake on the property prices. 
Further, 50% of residents found that there was moderate to significant impact of the lake on 
both mental and physical wellbeing of people. Approximately, 20% of respondents stated 
that they would not exercise if the local lake system did not exist. Also, 60% of the 
respondents stated that the lake improved their quality of life. . In general, wetlands and 
urban lakes can greatly contribute to the well-being of the community by acting as urban 
recreational spaces that provide aesthetic appeal, landscape diversity and health lifestyle 
opportunities. 
The property price analysis, using hedonic regression, was conducted to understand the 
impact of the lakes on surrounding properties. The output of the regression modelling 
showed significant positive impact (p<0.05) of the lake on property prices. It was calculated 
that the property price increased by approximately AU$8 to AU$17 for each metre the 
property is closer to the lake, respectively depending on other neighbourhood 
characteristics included.  This indicates that the householders are willing to pay premium 
price to secure a property which is closer to the urban lake system. 
The study illustrated the significance of urban lake systems in residential areas and their 
ability to perform the tasks they were designed for. The findings from this study provide 




to improve performance of existing lakes as well as develop new ones in the urban areas, 
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Chapter 1 Introduction 
1.1 Background Information 
 
Water is an essential resource; it is important to ensure everyone takes part in sustaining it. 
As urban areas are mostly impervious surfaces, the water cycle is altered (Hoyer et al. 2011). 
Runoff from urban areas is polluted due to adsorption of nutrients, debris, suspended solids, 
oil, and other particulate matter from surfaces such as roads, roofs, and gardens. Water 
Sensitive Urban Design (WSUD) refers to the planning, development, and construction of 
urban areas ensuring that the design takes into consideration the water cycle.  
Urban lakes and wetlands have gained popularity for the purpose of storing and treating 
stormwater. They are designed to serve many purposes such as storing runoff, promoting 
physical wellbeing to visitors of all ages, and improving the property prices in that area. 
Urban lakes improve water quality through UV irradiation, sedimentation, and infiltration. 
Similarly, wetlands also treat water through processes such as sedimentation, infiltration, 
adsorption, and due to their shallow nature, increase in detention time improves the 
retention of nutrients by plants.  
Over time issues arise with respect to aspects such as maintenance, and water quality. 
There is a lack of knowledge of the impact of seasonal changes and rainfall on water quality 
in urban stormwater management systems. The removal efficiency of pollutants in urban 
lake systems has also not been researched in-depth. The quantitative impact of the systems 
on surrounding properties is also not widely studied in Australia, and especially in NSW. As 
urban lakes are designed taking into consideration community wellbeing research on the 
effect of these lake/parkland systems on community needs to be explored. 
 
1.2 Research Aim and Objectives 
 
The main aim of this study is to investigate how wetland and lake systems help in 




Based on literature review (see Chapter 2), there are some knowledge gaps related to the 
understanding of urban lakes and wetlands used for managing the stormwater. The 
following specific objectives have been developed: 
1) To investigate how the water quality of urban lakes is influenced by seasonal rainfall and 
other variations and the design of urban lakes; 
2) To evaluate the impact of catchment characteristics including soil composition and 
catchment size on water quality in urban lakes; 
3) To compare the performance of wetland and urban lake system with that of standalone 
urban lake;  
4) To quantify the community benefits of urban lake system in study areas; and 
5) To understand how the lake systems impacts on prices of surrounding properties. 
1.3 Scope 
This research incorporates four key aspects with respect to urban lake systems in residential 
areas. These key areas are: water quality, community impact evaluation, property price 
impact, and soil characteristics. Due to gap in literature, studies have not been conducted 
that cover all four aspects of urban lake system. 
As mentioned in the literature review, studies that focus on a few water quality parameters 
have longer study durations, while studies that analyse a wide range of parameters have 
short study durations. In general, for previous studies, the sampling occurred monthly. For 
the first objective, one year of continuous (fortnightly) monitoring should provide sufficient 
results to understand the seasonal variations in water quality. Inlet and outlet monitoring 
will illustrate the ability of the system to improve the quality of the water. It would also 
show the impact of rainfall on the parameters analysed. Some studies have explored the use 
of constructed wetlands as a preliminary treatment of water before it enters an urban lake. 
However, studies have not compared urban lakes with and without a constructed wetland. 
For this study, the comparison will illustrate the impact of constructed wetlands on urban 
lakes. The data collected with respect to water quality will help in determining what is 




Councils have some set of limited guidelines by which urban lakes/ wetlands are designed. 
These are based on the rough guidelines such as detention time required during peak storm 
events. Thus these guidelines take into account only the quantity of stormwater. In this 
study, to examine the relation between design removal efficiencies and design parameters, 
MUSIC models of the two locations were designed.  
A few studies have explored community benefits of water masses in urban areas (Debo 
1977; Walker et al. 2013). However, the community’s opinion regarding property price has 
not been explored. It is important that there is a clear picture of what the community want 
and need to be able to efficiently design future stormwater storage systems in urban 
residential areas. Surveys were conducted to get feedback from the community regarding 
existing urban lake systems and their associated parkland. There is a lack of knowledge of 
the impacts of urban lakes/ wetlands on property prices in Australia, and especially NSW. 
Therefore, in this study, hedonic property price approach was applied to quantify the impact 
of the urban stormwater management system on surrounding property prices. Further 
research is necessary with respect to urban lakes and wetlands as it explores the necessity 
and impact of stormwater treatment wetlands/lakes in upcoming residential areas. 
Finally, the research will aim to investigate the impact of catchment characteristics on water 
quality in urban lake systems was explored. Soil properties were studied along with the 
catchment size and use. This will help in determining all the causes of pollution in the water 
and sediments within the two systems.  
1.2 Thesis Outline 
 
Chapter 2 discusses past literature to increase knowledge regarding constructed wetlands 
for the purpose of stormwater treatment and storage and to explore knowledge gaps and 
develop research objectives.  Chapter 3 explores the catchment characteristics and impact 
to water quality. Chapter 4 quantifies the impact of the lake/parkland on the community. 
Chapter 5 examines the impact of the lake on surrounding property prices. Finally, Chapter 6 





Chapter 2 The Role of Wetlands and 
Lakes in Urban Landscapes – A 
Literature Review 
 
Urban lakes and constructed wetlands are often utilised for the purposes of storing and 
improving stormwater runoff (Persson, Somes & Wong 1999). Improvements have been 
made in design and construction of these green structures to take into consideration social, 
economic and environmental aspects. Importance to health and wellbeing is increasing 
drastically. Urban lakes and wetlands are being designed with exercise facilities, walkways 
and jungle gyms to promote exercise and wellbeing to visitors of all ages.  
To understand the existing knowledge of the topic and to identify any gaps in the 
information, literature review is conducted. Review of background information and past 
studies is essential to find the knowledge gap that exists. 
Previous studies have focussed on the ability of the stormwater treatment wetlands/lakes 
to improve the water quality (Greenway 2010; Hathaway & Hunt 2010). Studies have also 
been conducted to understand the impact of the wetland on property values (Mangangka et 
al. 2015; Tapsuwan et al. 2009). Other studies have taken into consideration the impacts to 
the community (D’Souza & Nagendra 2011; Debo 1977; Walker et al. 2013). However, there 
seems to be a lack of studies that link all the aspects such as impact of the system on the 
community and visitors, property price, and water quality. Additionally, there is lack of 
literature related to catchment characteristics and soil quality in urban areas. 
2.1 Stormwater Management and Water Sensitive Urban Design 
 
Water is an essential resource that is rapidly deteriorating, both in volume and in quality. It 
is important that all actions are taken to improve and sustain this resource. Water Sensitive 
Urban Design (WSUD) is the process of designing, planning, and constructing urban areas 




Stormwater is defined as the excess water from rainfall. It passes through many surfaces 
and adsorbs various pollutants. Heavy rainfall can cause degradation in the water quality as 
pollutants such as debris, bacteria, nutrients, chemicals, oil and sediments adhere to the 
water (Aryal et al. 2010; Göbel, Dierkes & Coldewey 2007; Tsihrintzis & Hamid 1998; Wium-
Andersen et al. 2013; Zoppou 2001). Stormwater enters drains and is further divided into 
pipes that ultimately lead to a water body. Likelihood of flooding increases on events of 
heavy rainfall. The main objectives of stormwater system design and planning are for the 
purposes of flood water retention and safety of the public (VictorianCommittee 1999).  
Design characteristics that take water sensitivity into consideration include techniques such 
as (WSUD 2014): 
 Increasing the detention time of the stormwater rather than promptly releasing the 
water to other areas. 
 Harvesting and reusing stormwater and rainwater to help in conserving drinkable 
water. 
 Utilising vegetation for the purpose of filtering water. 
 Landscaping in a manner that is water efficient. 
Systems that were designed to mitigate this include: stormwater detention systems, 
underground water tanks and rainwater tanks. There have been many systems designed to 
store and treat the stormwater runoff in urban residential areas. These include: constructed 
wetlands, urban lakes, and detention ponds.  
2.2 Stormwater Quantity and Quality 
 
Modelling is an essential tool that aids in the understanding of design, development, and 
optimisation of urban stormwater runoff management systems (Dotto et al. 2012). It is 
essential as not all issues in stormwater management are solved with a single solution. 
Modelling also helps in assessing impacts of land use and large catchments (Goonetilleke et 
al. 2005). To be able to manage stormwater pollution, it is essential that modelling is done 





Aspects such as runoff quantity and quality, spatial and temporal scales need to be 
considered in the modelling process. Other characteristics include: meteorological data, 
catchment details, pollutant data, performance history, and continuous runoff quality 
(Zoppou 2001). 
Runoff quality and quantity are aspects that are essential in the modelling process. It is 
important that care is taken when considering these aspects as a model that caters to runoff 
quality which inefficiently predicts runoff volumes can cause discrepancy in the data (Liu et 
al. 2013). For this purpose, accurate rainfall data is essential in the modelling process 
(Fletcher, Andrieu & Hamel 2013).  
Consideration of spatial scale is important in the modelling process as there is a significant 
correlation between catchment area and the performance of a stormwater quality 
management system (Tong & Chen 2002). For instance, it is impractical to direct large 
stormwater flow into a small wetland as it has the inability to store a large volume of water. 
Additionally it is essential that accurate temporal scale is utilised in the modelling process. 
This assists in understanding the specifications required in the treatment systems and 
whether it is capable of containing heavy storm events.  
To ensure accurate and reliable modelling, inclusion of meteorological data is vital. Not all 
areas have identical environmental conditions. For example, some areas may have more 
arid conditions with varying rainfall (Wong et al. 2006). Catchment characteristics such as 
land use, topography, and geography should be considered during the modelling process 
(Meins 2013; Tsihrintzis & Hamid 1998). The composition of stormwater is also impacted 
majorly by land use (EPA 2000b). Thorough understanding of the characteristics of 
stormwater treatment systems is important as not all areas will benefit from identical 
systems for storage and treatment (Galbraith & Burns 2007; Liu, Goonetilleke & Egodawatta 
2012; Tong & Chen 2002). 
2.2.1 Modelling Software 
 
Stormwater quality and quantity modelling can be done using various software. In general, 




Studies have been conducted with regard to the uncertainty and reliability of the data 
output given in the software (Liu, Goonetilleke & Egodawatta 2012; Sohrabi et al. 2003). A 
study conducted by van der Sterren et al. (2008) aimed to compare the three stormwater 
software packages and explored the cost, acceptability, compatibility, and support. It was 
concluded that XP-SWMM was more adaptable than the other. 
Another study conducted by Tsihrintzis and Hamid (1998) aimed to investigate the 
applicability of SWMM with respect to small subtropical urban catchments and explore 
inputs for future modelling. This study investigated four urban catchments. The land uses 
were: low density single family residential area, high density multifamily residential area, 
highway, and commercial. Meteorological and topographical data of each area were 
obtained and utilised for the purpose of model calibration. Four pollutants were modelled: 
biochemical oxygen demand (BOD5), total suspended solids (TSS), total Kjeldahl nitrogen 
(TKN), and Lead (Pb). It was found that the output from the software correlated with the 
published values given in the Nationwide Urban Runoff Program (EPA 1983). 
Imteaz et al. (2013) conducted a study that aimed to investigate the accuracy of MUSIC 
modelling software predictions for stormwater management systems such as bioretention 
systems, grass swales and porous pavements. Results from previous studies were used to 
run simulations on MUSIC. Melbourne bioretention system, Brisbane grass swale, Sweden 
grass swale, Auckland porous pavement and Scotland porous pavement were analysed in 
this study. The findings are shown in Table 2.1. It can be seen that in general, MUSIC seems 
to have a high capability for simulating bioretention systems that have good compacted, 








Table 2.1 Summary of overall capability of MUSIC on simulating experimental conditions (Imteaz et al. 2013). S1: good 
compacted, stable soil; S2: loose, newly constructed soil; F1: reasonable flow condition; F2, very low flow condition; H: 
high capability, M: moderate capability; L: low capability.  
 Soil/flow 
condition 
Flow TSS TP TN 
Bioretention 
system 
S1 H H H M 
S2 H H L L 
Porous 
Pavement 
S1 - L H H 
S2 - L - - 
Grass Swale F1 H M - - 
F2 M H L L 
Other studies have also been done with respect to stormwater modelling (Jayasooriya & Ng 
2014; Sohrabi et al. 2003). For the purpose of this research, MUSIC was utilised as it is 
commonly used by councils for planning and design of Water Sensitive Urban Design 
systems and for estimating nutrient loads and overall volume of stormwater (Imteaz et al. 
2013; Montaseri, Hesami Afshar & Bozorg-Haddad 2015).  
2.3 Stormwater Quality and Land Use 
 
Processes that impact the way in which pollutants are transformed and transported in an 
urban environment are: chemical, physicochemical, biochemical, ecological and physical 
(Zoppou 2001).  A chemical process comprises of the reactions that occur between 
compounds. Biochemical processes involve the changes that occur in biological organisms 
whilst they go through processes such as decomposition and photosynthesis. Generally, in 
stormwater, the main pollutants that cause issues in the water quality include: nutrients, 
turbidity, salinity, pH, toxic elements and oil/grease (Aryal et al. 2010).  
The Australian and New Zealand Guidelines for fresh and marine water quality (ANZECC 
2000) explores the allowable ranges for the concentration of nutrients, and physical 
parameters such as electrical conductivity, dissolved oxygen and pH.  However, the values 
are directed towards naturally occurring lakes and water bodies. The allowable ranges for 
NSW (South-east Australia) mentioned in ANZECC (2000) are shown in Table 2.2. 
Studies conducted by Liu et al. (2013), Miguntanna et al. (2010), Tong and Chen (2002), and 




quality parameters included total suspended solids, nutrients, biochemical oxygen demand, 
and others. In the study conducted by Duncan (1999), meta-analysis (use data from multiple 
studies) was done for 21 water quality parameters collected from 508 sites. Significant 
differences were found in the runoff quality and the various land uses.  











































































































Liu et al. (2013) found that catchment characteristics did influence the pollutant levels in 
stormwater quality and further stated that the current modelling approaches need to be 
improved and updated to take more characteristics into consideration. Miguntanna et al. 
(2010) found that particles that were sized between 70 to 150 µm had the highest pollutant 
loadings.  
 
A study conducted by Tong and Chen (2002) in Ohio aimed to investigate the hydrological 
impacts of land use on water quality. Statistical analysis and geographic information system 
were utilised in this study. A watershed was selected for modelling purposes based on the 
correlation results. BASINS (Better Assessment Science Integrating Point and Nonpoint 
Sources) were used to model the impact of land use on water quality. Flow and water 
quality parameters such as nutrients and faecal coliform count were analysed. Spearman’s 
rank correlation methods were used to investigate the relationship between land use and 
water quality. The hydrologic modelling was conducted in two ways: hydrology and 




and faecal coliform values were considered. These seemed to have the most correlation to 
land use. It was found that the nutrients and the faecal coliform count were highest for the 
agricultural area. It was also observed that faecal coliform levels were higher in winter and 
spring and lower in summer and autumn.  
Similarly the study conducted by Galbraith and Burns (2007) aimed to find correlation 
between land use and water quality in various water bodies. A total of 45 water bodies 
located in Otago were monitored. They included ponds, wetlands, reservoirs, shallow and 
deep lakes, and estuaries. Data regarding land cover was derived using ArcView GIS 
software. Parameters analysed include, chlorophyll a, temperature, turbidity, total 
suspended solids, electrical conductivity, pH, Secchi depth, total phosphorus, total nitrogen, 
dissolved reactive phosphate, ammonium N, nitrate N, nitrite N, and dissolved organic 
carbon. Redundancy analysis was also done to understand the impact of geographical 
variables on chemical and physical characteristics. It was found that land use did have an 
impact on the water quality. Catchment areas that had pasture, planted forest, scrub, and 
urban areas seemed to positively impact the physical and chemical aspects. Lack of 
catchment modification appeared to negatively impact the water quality. The averages and 
standard errors for physicochemical parameters obtained in this study are shown in Table 
2.3. It can be seen that, in general, the water quality in reservoirs and deep lakes are better 
compared to other water bodies studied. 
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DRP (µg/L) 49.9±17.79 24.3±4.38 13.5±3.95 3.8±0.63 6.1±2.26 1.2±0.30 





DOC (mg/L) 10.7±2.80 9.5±3.45 10.0±3.03 4.4±0.58 4.3±2.11 2.2±0.67 
Turbidity 
(NTU) 




pH+ 7.0±0.11 7.8±0.34 7.2±0.49 6.9±0.21 7.3±0.58 7.2±0.15 
Temperatur
e (°C) 




















TSS (mg/L) 13.8±7.90 27.4±9.07 11.0±2.97 3.6±0.79 6.8±3.03 2.2±0.54 
Water 
Colour(m-1) 
0.03±0.01 0.02±0.01 0.03±0.01 0.01±0.00 0.0±0.00 0.0±0.00 
Chlorophyll 
a (µg/L) 
9.9±4.74 4.7±1.25 2.3±0.45 4.8±1.60 0.7±0.31 1.7±0.63 
An investigation conducted by Ouyang et al. (2006) focused on studying the impact of 
seasonal variations on surface water quality in Florida. Principle component analysis (PCA) 
and Principle factor analysis (PFA) techniques were used to understand the correlation 
between various parameters. Data was collected from 22 monitoring stations from 1998- 
2001. Parameters analysed included temperature, colour, electrical conductivity, dissolved 
oxygen, biochemical oxygen demand, pH, alkalinity, salinity, ammonia-N, total Kjeldahl 
nitrogen, NOx N, total phosphorus, orthophosphate, dissolved organic carbon, and turbidity. 
For the purpose of the PCA and PFA, the data was broken down into four temporal 
databases, each corresponding to one season. It was found that dissolved organic carbon 
and electrical conductivity were significant factors that contributed to variation in water 
quality over the seasons.  
Other studies have also explored individual parameters of water quality. An investigation  by   
Reddy, Xie and Dastgheibi (2014) aimed to test the ability of different filter materials in 
removing heavy metals from urban stormwater runoff. Four filter materials were analysed. 
Calcite (limestone), zeolite, sand, and iron filings were tested. To prepare the filter, the 
materials were first air dried and washed with deionised water. They were then sieved and 
kept over overnight at 105 °C. The authors used ASTM testing procedure to characterise 
physical properties and hydraulic conductivity of the materials. The heavy metals tested 
include: Cadmium, Zinc, Copper, Lead, Chromium, and Nickel. Batch tests were conducted 
on each filter. These samples contained varying concentrations of heavy metals. pH, ORP, 




It was found that calcite, zeolite, iron filings were able to remove 95-100% of Cd, Cu, Pb, and 
Zn.  
The study conducted by Chong et al. (2013) in Brisbane, Australia, focused more on the 
chemical, toxicological, and microbiological risks that may be in raw urban stormwater. 
Autosamplers were used to collect samples after a rain event. A total of 4 rain events were 
monitored. An Argonaut Flow Doppler was used for the triggering process. Heavy metals 
such as cadmium, chromium, copper, lead, and zinc were analysed. Microbiological 
parameters such as E.coli and Enterococcus were also examined. Toxicity analysis was also 
conducted. It was found that chemical contaminants such as, chromium, copper, and zinc, 
were low. Heavy metals, on the other hand, were high, posing a risk to public health. 
Microbiological aspects were also in unacceptable levels. 
The purpose of the study conducted by Malmström and Wu (2015) was to predict the 
loadings of nutrients under future hydrological condition as a result of climate change. For 
this study, 5 lake catchments were investigated. To determine nitrogen and phosphorus 
flows, Substance Flow Analysis was utilised. The main sources considered were: background 
atmospheric concentration, vehicular traffic, parking, horse droppings, and vegetation-
related sources. Generalised Watershed Loading Functions model was used with the 
nutrient loadings computed with the Substance Flow Analysis. This model considers 
evaporation, rainfall, snowmelt, and various land uses. To understand the impacts of climate 
change, two 10 year periods were studied. The control was 2000-2009 and the future period 
was 2021-2030. It was found that the three main sources of the nutrients were atmospheric 
disposition, vehicular traffic emissions, and vegetation-related sources. It was predicted that 
climate change would bring about increase in nitrogen loadings. 
The study conducted by McCarthy et al. (2008) focused on Escherichia coli present in 
stormwater and the associated uncertainties in data. To understand the uncertainties four 
urban stormwater catchments were monitored. 56 wet weather events were sampled over 
a period of one year. Doppler-based flow meters with sensors were installed. Auto sampler 
systems were triggered when target-flow was reached. Samples were collected and 




aspects such as discrete concentrations of E.coli in each sample, stormwater flow rate, 
stormwater event volume, event mean concentration of E.coli, E.coli load per measured 
event, and site mean concentration of E.coli per site were considered. Discrete uncertainties 
in E.coli concentrations include sampling, storage, and analytical uncertainties. It was found 
that uncertainties in samples ranged from 10% to 55%. 
Studies have been done with respect to raw stormwater quality and impacts of the land use 
on stormwater quality. Generally the studies only focussed on a few parameters apart from 
some studies (Galbraith & Burns 2007; Ouyang et al. 2006) that included a wide range of 
physicochemical indicators. It is essential that the stormwater monitoring is conducted for 
at least one year to get the rainfall patterns and impacts over the four seasons. For 
complete understanding of stormwater quality in a residential area, it is important that 
physicochemical and biological analyses are performed on samples collected after each 
storm event.   
2.3.1 Soil Characteristics 
Soil characteristics from within a catchment area impact the stormwater runoff. The texture 
and composition of the soil can also impact the particles and pollutants that adsorb with the 
runoff and enter the lake. Land use and soil chemical composition can impact the water 
quality of lakes. There is a lack of studies related to impact of soil on water quality.  
In the study conducted by Scharenbroch, Lloyd and Johnson-Maynard (2005), the main aim 
was to find out the spatial variation in urban soils. Six urban areas were selected for the 
study, namely old residential yards (>50 years), new residential yards (<10 years), mulched 
beds old (>10 years) and new (<3 years), street tree plantings, and parks. To test this, soil 
samples were taken over 2 years over the main growing seasons. Soil was tested for 
parameters such as potentially mineralised carbon, potentially mineralised nitrogen, 
nitrogen oxides, microbial biomass nitrogen and extractable phosphorus. It was found that 
extractable phosphorus and organic nitrogen was higher in older soil and much more stable 




A soil nutrient analysis was conducted in Hubei, China, by Zhi-Guo et al. (2013). The 
underlying objective of this study was to explore the characteristics of available nutrients in 
the study locations and the correlation between land use and soil properties. Around six 
types of land use areas were explored. Land areas included residential, university grounds, 
garden city institutes, government grounds, and municipal party grounds. Parameters 
analysed include: pH, organic matter, nitrogen, phosphorus, potassium, calcium, 
magnesium, sulphur, iron, copper, manganese, zinc, and boron. It was discovered that 
nutrients and chemical composition of soil varied significantly between the different land 
types. Residential areas appeared to have been impacted by dust precipitation which may 
be caused by human disturbance.  
Similarly,  a study conducted by Pouyat et al. (2007) explored land use and variations in soil 
chemical and physical properties in Baltimore, USA. The main aims were to explore the 
chemical and physical properties of surface soil, and to investigate whether the land use had 
effect on the surface geology. Soils were collected in areas with land uses including 
commercial/transport, industrial/urban open, institutional, residential, golf courses, and 
unmanaged forests. A combination of undisturbed and composite soil samples was taken. 
The samples were then analysed for total nitrogen, calcium, potassium, magnesium, 
phosphorus, and pH. It was found that soil pH, potassium, and soil density had the most 
significant differences between the land use and cover.   
A few studies have been done related to soil composition. However, no study was found 
that had researched the impact of soil composition on water quality in constructed 
lakes/stormwater treatment systems. Further, there are no guidelines related to soil 
composition and allowable ranges for nutrients, heavy metals and other pollutants. It is 
essential that soil chemistry is researched to understand the impact on general urban areas 
and more importantly existing and future stormwater management systems.  
2.3.2 Particle Size Distribution 
Particle size distribution refers to the index in which particles are categorised by size and 




other suspended solids in untreated stormwater runoff(Charters et al. 2015). It is also 
impacted by the catchment area and land use.  
The influence of particle size on the first flush strength of urban stormwater runoff was 
explored in the study conducted by Morgan et al. (2017). The primary aims were to observe 
whether the first flush strength of suspended solids vary by particle size, impact of rain 
event characteristics on first flush strength, and  the implications for stormwater treatment. 
Sampling of the outlet in a stormwater drainage system was done for 18 months. Samples 
were analysed for suspended solids and particle size distribution. Results showed that in 
most storm events, the first flush strength increased with decreasing particle size.  
The study conducted by Selbig et al. (2016) aimed to explore the impact of particle size 
distribution on the design of urban stormwater control measures. A commercial parking lot 
and a residential basin were studied. The National Urban Runoff Program (America), 
improved sample collection technology, model development, wet pond design and catch 
basin design were explored in this study. It was found that utilisation of a single particle size 
distribution representative may result in either over design of the system or under 
treatment.  
Particle size distribution in samples taken within a lake has not been done. In order to 
consider the aspects such as the efficiency of the lake system and stormwater inflow, 
analysis of the particle size distribution should be done. This also links in with the catchment 
characteristics and soil properties. 
 
2.4 Constructed Wetlands 
 
Wetlands are defined as shallow water storage systems that support a large number of 
aquatic flora and fauna. Often they are utilised as nesting areas for many animals and birds. 
Natural wetlands facilitate storage of flood waters, treat sediments, and overall improve the 
water quality. Wetlands have been known to act as purifying systems for water prior to it 




As a result of extensive research, the characteristics of natural wetlands have been 
simulated to construct wetlands for the purpose of purifying and treating stormwater and 
wastewater. Principles considered include: infiltration, sedimentation, UV irradiation, and 
microbial processes. 
 
Constructed wetlands are shallow retention treatment water masses that are usually 1 m 
deep with a wide variety of aquatic organisms (MCC 2008). The three main types of 
constructed wetlands are: free water surface, vegetated submerged bed wetlands, and 
vertical flow wetlands (Shilton 2005).  
 
Free water surface/ surface flow constructed wetlands can be compared to natural 
marshlands. The water flows through the wetland in a horizontal manner through the plants 
(Shilton 2005). They have depths from 0.3 to 0.5m. Vegetated submerged bed systems have 
horizontal water flow below the gravel bed surface. Emergent aquatic plants are usually 
used and are lined with impermeable clay. The depth of these types of wetlands are 
between 0.3 to 0.9m (Shilton 2005). Finally, in vertical flow wetlands the water distribution 
is homogenous as it flows vertically through roots of plants and the sand/gravel bed. The 
average depth of these wetlands ranged from 0.4 to 1.2m.  
 
Aspects that should be considered during the design and construction phases include: inflow 
characteristics, detention time, size of the proposed wetland, and the rainfall history in the 
catchment area. The approximate size of the wetland can be estimated with the catchment 
size, average rainfall within the catchment area and the land available (MelbourneWater 
2005). However, the study did not recommend any relationships for determining the size of 
wetland. 
 
The processes that take place during the planning and construction phase of the wetland 
include: evaluation of the proposed site, complete understanding of the geography of the 
location (this minimises the need for excavation and other processes), examination of the 
local flora, fauna and soil, and to make sure that there is no excess runoff during the 




To be deemed as appropriate, the site of the wetland has to have a sufficient rate and 
volume of water flow and the correct types of soil. The flow from the inlet of the wetland 
should be sufficient to sustain an approximate water depth that ensures the survival of the 
vegetation in the wetland.  
 
It is important that the wetland remains flooded during the construction phase. Subsequent 
to planting and flooding, the wetland is completely drained to understand the conditions 
required for efficient plant growth. It is essential that enough space is given between the 
different species of plants to prevent competition between the species (EPA 1999).  
 
To understand the performance of a constructed wetland, it is important to consider 
hydrological processes. Precipitation, infiltration, evapotranspiration, hydraulic loading rate, 
and water depth impact the ability of the wetland to improve and store the water. The 
water balance for wetlands is shown in Equation 1 (EPA 1988). 
 
𝑄𝑖 − 𝑄𝑂 + 𝑃 − 𝐸𝑇 = (
𝑑𝑉
𝑑𝑡
)  (1) 
 
A study conducted by Somes and Wong (1995) found that the ability of a constructed 
wetland to treat the runoff was related to the hydraulic loading rate and detention time. 
These are characteristics of intensity of the storm, runoff volume, and the wetland size. The 
retention of pollutants is impacted by the degree of bottom scouring and the disturbance of 
solids; both of which are impacted by the inflow rate. The volume of a wetland determines 
the amount of runoff that can be stored and ultimately be treated (Carleton et al. 2001). 
2.4.1 Constructed wetlands and water quality 
As constructed wetlands are designed for the purpose of improving water quality, it is 
important to investigate whether they perform efficiently. Studies have been conducted on 
the ability of a wetland system to store and improve the stormwater quality (Carleton et al. 
2001; Greenway 2010; Hathaway & Hunt 2010; Mangangka et al. 2015; Qitao, Jianghua & 




The main objective of the study conducted by Greenway (2010) in Queensland, Australia 
was to understand and question the ability for stormwater treatment systems to enhance 
and improve biodiversity and water quality.  For the purpose of this study samples were 
analysed for total suspended solids, total volatile solids, total nitrogen, total phosphorus, 
ammonium, nitrate and phosphate. The duration of the study was between 22 months and 
3 years depending on the location of the sampling. It was concluded that total suspended 
solids (TSS) concentrations increased under wet weather conditions due to high flow 
velocities and the lack of macrophytes in the wetlands. TSS concentrations also increased in 
drier weather due to the activity of the aquatic animals and birds. Deducting from the 
observations made on the pond treatment system, it was found that the series of ponds did 
improve the water quality over time. Table 2.4 shows the nutrient values for dry weather 
conditions for one of the sites considered in this study. It can be seen that the concentration 
of nutrients (apart from Ammonium-N) at the outlet are lower compared to the inlet 
concentrations.  





PO4-P (mg/L) TN (mg/L) TP (mg/L) 
Creek Inlet 0.08±0.09 0.57±0.60 1.84±1.01 0.19±0.18 0.26±0.11 
Piped Inlet 0.06±0.05 1.10±0.40 1.97±0.28 0.16±0.10 0.24±0.09 
Pond 1 Out 0.10±0.09 0.12±0.24 1.28±0.45 0.08±0.06 0.22±0.10 
Pond 2 Out 0.11±0.11 0.10±0.14 1.04±0.36 0.02±0.01 0.17±0.07 
In the study conducted by Hathaway and Hunt (2010)  in North Carolina on stormwater 
wetlands, aspects such as the ability for the series wetlands to improve the water quality 
and nutrient levels of the wetlands in comparison with allowable concentrations were 
researched.  They analysed parameters such as turbidity, total suspended solids, total 
Kjeldahl nitrogen, total ammoniacal nitrogen, nitrate-nitrite, and total phosphorus. Samples 
were collected and analysed for 15 days over a period of 7 months. It was concluded that 
the first wetland cell improved the water quality dramatically while the other two cells did 




nutrients. It can be seen that in general, the first cell improves the concentrations of the 
nutrients and turbidity. However, organic nitrogen and total Kjeldahl nitrogen are negatively 
impacted.  
Table 2.5 Efficiency ratios for nutrients, TSS, and Turbidity from a study conducted by Hathaway and Hunt (2010) 
Pollutant Inlet to Cell 1 Outlet Cell 1 Outlet to Cell 
2 Outlet 
Cell 2 Outlet to Cell 
3 Outlet 
TSS 0.84 0.11 0.18 
TP 0.62 0.03 0.11 
TN 0.52 0.12 0.03 
ON 0.32 0.07 -0.02 
TAN 0.85 0.26 0.13 
TKN 0.44 0.09 -0.01 
NO2-NO3 0.67 0.47 0.12 
Turbidity  0.62 0.09 0.24 
The research conducted by Carleton et al. (2001) used data from 35 studies regarding 49 
wetland systems to identify any trends in the data. Data regarding water quality and 
inflow/outflow properties were studied. Parameters include orthophosphate phosphorus, 
total phosphorus, ammonia, nitrate, total suspended solids, and heavy metals such as 
cadmium, zinc, copper, and lead. Instances in which wetlands had varying ponded surfaces 
and volumes, the maximum values for parameters were utilised in the estimation. 
Regression equations were constructed. It was concluded that long-term pollutant removal 
in wetlands can be defined through the mean detention time and hydraulic loading rate. 
 
The study conducted in Gold Coast, Australia, by Mangangka et al. (2015) utilised inflow 
runoff hydrographs and further conducted investigation on treatment performance of each 
part of the wetland and their relationship with a variety of hydraulic factors. The site area 
consists of a sedimentation pond, two wetland cells, and an overflow bypass system. The 
inlet and outlet were monitored using automatic monitoring stations for 3 years. Rainfall, 
runoff data, and water samples were obtained using the monitoring stations. The samples 
were tested for total nitrogen, total phosphorus, and total suspended solids. A hydraulic 
conceptual model was created taking into consideration aspects such as storage volume, 
time interval, inflow rate, and outflow rate. It was found that treatment characteristics 




characteristics. It was also found that the performance of the sectors were better in low 
rainfall events than high rainfall events in the initial stages. During the later stages, large 
rainfall events seemed to have better results. It is therefore important that regardless of the 
magnitude of the rainfall, the inflow of the system should have low turbulence for the best 
results. 
 
The main aim of the study conducted by Qitao, Jianghua and Youngchul (2010) in South 
Korea was to understand the removal patterns of different pollutants within particulate and 
dissolved forms during different weather conditions. For the purpose of this study, 
parameters such as total suspended solids, chemical oxygen demand, total nitrogen, total 
phosphorus, nitrate N, ammonium N, and phosphate P were examined. In total, 17 wet day 
sets and 25 dry day sets of samples were analysed.  It was found that sedimentation 
improved retention of TSS, COD, and TP with other eroded soil particles. On dry days, 
nutrient retention was a result of biochemical processes. During wet weather, settling of 
particles caused retention of nitrogen concentrations. 
The investigation conducted by Hassall and Anderson (2015) aimed to compare the water 
quality of stormwater ponds with naturally occurring wetlands (Ottawa, Canada). For the 
purpose of this study, 20 stormwater ponds and 10 unmanaged wetlands were monitored. 
Water samples were collected during spring (April – May). Water quality parameters such as 
calcium, magnesium, potassium, silicon, sodium, alkalinity, biochemical oxygen demand, 
chlorine, chemical oxygen demand, electrical conductivity, ammonium, nitrate, pH, 
phosphorus, nitrogen, sulphate and suspended solids were analysed. Land cover data was 
also analysed. Biodiversity surveys were also conducted. Water analysis was done only once 
per site. It was found that although water chemistry varied between the natural and 
stormwater ponds, the biological aspects had no significant variations. 
In this study conducted by Hathaway et al. (2011), the main objective was to evaluate 
indicator bacteria concentrations in the water and sediment of a constructed stormwater 
wetland. For the purpose of this study, surface water, soil sampling, and statistical 
evaluation was completed. Samples were collected at the inlet, outlet, and three other 




coliform and total suspended solids were analysed following standard methods. Soil 
samples were collected from the three sampling points, inlet pool, and outlet pool. The 
sample collection and analysis was conducted for one year. It was found that faecal coliform 
concentrations in stormwater runoff decrease through the wetland system. Also, the 
constructed wetland appeared to be capable of reducing indicator bacteria concentrations 
The study conducted by Li, Deletic and Fletcher (2007) aimed to investigate the treatment of 
solids in stormwater constructed wetlands through laboratory study. The hypotheses 
revolved around characteristics such as resuspension, deposition of particles, and the 
impact of wash-off of fine particles. To test out the hypotheses, variables such as Reynolds 
Number, particle fall number, and Turbulent Reynolds number were kept the same as the 
values in real systems. Mecocosms were utilised with varying characteristics. One non-
vegetated mecocosm and three vegetated stormwater wetland mecocosms were used. Ten 
sets of steady-state investigations were completed, varying in hydraulic loadings and inflow 
sediment concentrations. Total suspended solids and Particle Size Distribution were 
analysed with samples taken from the mecocosms. It was found with the data collected that 
particle suspension as a result of water flow is not important for sedimentation in the 
wetlands. However, particle diameter and flow characteristics do impact the trapping 
efficiency of particles. 
The study conducted by Greenway and Woolley (1999) investigates the operation 
effectiveness of wastewater treatment constructed wetlands and bioaccumulation of 
nutrients in aquatic plants in Queensland, Australia. For understanding the water quality, 
nine wetlands were monitored. Parameters such as biochemical oxygen demand, suspended 
solids, total nitrogen, ammonia, oxides of nitrogen, total phosphorus, and reactive 
phosphorus were analysed.  Some sites were monitored for 2.5 to 3 years and others for 12-
18 months. Analysis of wetland plants was also conducted once a year for 3 years for total 
phosphorus, total nitrogen and carbon. Plant biomass was also explored. It was found that 
in general, the wetlands seemed to improve the water quality.  
The water stored in constructed wetlands may be reused for other purposes. The ecological 




conducted by Jenkins, Greenway and Polson (2012). Hydrological simulation modelling was 
utilised to understand the hydrological characteristics of the wetland and catchment, 
understand the impact of rainfall, and study the vegetation in the wetland. A previous study 
conducted by Greenway (2010) was also utilised for the assessment of the ecosystem health 
within the wetland. Topographic study of the wetland was also done for the purpose of the 
study. UrbSim software was used for the modelling of the runoff from an urban catchment. 
It was concluded that as a result of the wetland’s capability to intercept rainfall, there was 
improvement in the ecological aspects in the downstream of the wetland. It was also found 
that reuse of the stormwater harvesting can provide water savings of up to 36% of the 
annual household potable water use. 
Generally in the studies mentioned, with respect to water quality, there was a lack of 
analysis on characteristics such as biochemical oxygen demand, dissolved oxygen, pH, 
electrical conductivity, total coliforms, and carbon analysis. These parameters have 
significant impact on the water quality and the inclusion of these would have improved the 
validity of the studies.  In most studies, although the duration was for an extended period of 
time, the sampling frequency was generally once per month. The correlation between the 
parameters and the impact of rainfall cannot be efficiently investigated if the frequency of 
sampling and analysis is low. To have increase in the knowledge of the wetland system and 
the impacts on water quality, it is essential that monitoring be done for a longer period of 
time and more regularly and with the inclusion of parameters such as pH, DO, EC, BOD, and 
carbon analysis.  
2.4.2 Aquatic Plants 
In wetland systems plants play a major function with respect to water quality and quantity 
(Read et al. 2008). Macrophytes have an ability to regularise surface beds, have efficient 
conditions for filtration, and also provide a sufficient surface area for growth of microbial 
organisms (Brix 1997). It has been found that aquatic plants have brought about some 
improvement in the physical, chemical, and biological aspects of water quality (Capello 
2014). The plants used for these purposes must have the ability to grow and endure harsh 
conditions. Additionally they should be able to survive competition between invasive plants 




Shilton 2005). Macrophytes are divided into two types. This is illustrated in Table 2.6 
adapted from (Greenway 2010).  Aquatic plants that are commonly used in constructed 
wetlands are shown in Table 2.7 (Stottmeister et al. 2003). 
Table 2.6 Types of macrophytes used in constructed wetlands (Greenway 2010). 
Rooted plants Floating plants 
Emergent macrophytes- in general are 
restricted to depths ranging from a few 
centimetres to 1.5 metres (Phragmites, Typha, 
Baumea, Eleocharis, Schoenopletus) 
Plants that have roots suspended in 
water and leaves at the surface (Lemna 
and Azolla) 
Submerged macrophytes- depths usually 




Floating leafed macrophytes- (Water lilies) - 
Table 2.7 Aquatic plants used in constructed wetlands (Stottmeister et al. 2003). 
Scientific Name English name 
Phragmites australis Common reed 
Juncus spp. Rushes 
Scirpus spp Bulrushes 
Typha angustifolia L. Narrow-leaved cattail 
Typha latifolia L. Broad-leaved cattail 
Iris pseudacorus L. Yellow flag 
Acorus calamus Sweet flag 
Glyceria maxima Reed grass 
Carex spp. Sedges 
 
In past studies (Brix 1997; Capello 2014; Read et al. 2008; Stottmeister et al. 2003), it has 
been observed that the inclusion of aquatic plants in wetlands improved the effluent 
quality, however, characteristics of different plants and their ability to impact pollutant 
removal has not been explored to a great extent.  
It is known that aggressive plants flourish with more ease than regular plants. Therefore it is 
essential that the selection of the plants is not entirely based on their ability to treat the 




environmental changes include: sudden fluctuations in water quality, climatic changes, and 
competition with other plants.  
2.5 Urban Lakes  
 
Urban lakes are gaining popularity in upcoming residential areas with respect to stormwater 
storage and treatment, and to provide an amenity for community while promoting 
recreational activities (Prasad 1987; Walker 2012). The inclusion of urban lakes in residential 
estates has also been known to improve the property values (Walsh 2009; Wen, Bu & Qin 
2014).  
One of the main purposes of an urban lake is to treat and store stormwater. Many aspects 
need to be considered during the designing and construction process of an urban lake. For 
the designing procedure, there are some set of requirements.  
Hydrology of the catchment area has to be computed to ensure the correct pond volume for 
efficient floodwater storage.  The layout has to be configured in such a way that the lake 
and the inlet zone are hydraulically efficient (MelbourneWater 2005). Also, consideration of 
aspects such as transmission structures between the inlet and the open water mass is 
important. It is essential that, during the design phase, the Annual Recurrence Interval for 
100 years is thoroughly studied to ensure the system has the ability to dissipate the energy 
of the increase in flow. The outlet structure of the system should also be designed efficiently 
for this purpose.  
The landscape of the system is a very significant aspect of design. Essentially it should serve 
multiple purposes. It should be aesthetically pleasing with proper maintenance procedures 
for the plants and grass (Persson, Somes & Wong 1999). Additionally, the inclusion of a 
children’s park and other exercise equipment would engage individuals of all ages.  
Urban lakes, similar to constructed wetlands, treat stormwater through the use of 
vegetation, sedimentation, and UV Irradiation.  Sometimes a combination of urban lakes 
and constructed wetlands is used, in which wetlands act as a pre-treatment step for the 




2.5.1 Urban lakes and water quality 
Similar to constructed wetlands, urban lakes are also designed to improve water quality 
over time. It is important that studies are conducted to understand the water quality in 
existing urban lakes to understand the efficiency of the design. A few studies have been 
conducted with respect to urban lakes and their water quality and land use (Birch & 
McCaskie 1999; Merugu & Seetharaman 2013; Oberts & Osgood 1991; Wu et al. 2014).  
 
The main objective of the study conducted by Merugu and Seetharaman (2013) was to 
compare the water quality in relation to spatial status, land use, and urbanisation in 
Chennai, India. A peri-urban and a rural lake were studied. To understand the water quality 
of the lakes, water samples were collected from January 2009 to March 2010 on a monthly 
basis. The samples were analysed for temperature, pH, dissolved oxygen, electrical 
conductivity, total dissolved solids, alkalinity, total hardness, phosphates, and biochemical 
oxygen demand. To understand the change in land-use patterns, satellite images from 1987 
to 2009 were studied. It was noticed that agricultural land eventually changed into 
residential complexes in the peri-urban area. Rapid increase in the human population and 
urbanisation put pressure on wetlands and lakes. Rajakilpakkam Lake (Peri-urban) had a 
reduction of water spread area from 24.5ha during 1987 to 7.9ha by 2009. Vengaivasal Lake 
(rural) had a reduced water spread area from 37.4 ha in 1987 to 34.3 ha in 2009. It was 
found that water quality was poorer in the peri-urban lake than the rural lake due to urban 
sprawl and increase in population. The mean results and standard deviation from this study 
are shown in Table 2.8. It can be seen that the rural lake (Vengaivasal) has mostly lower 
concentrations of EC, TDS, alkalinity, total hardness, chlorine, and phosphate when 







Table 2.8 Results for water quality analysis from study conducted by Merugu and Seetharaman (2013). 
Parameter Rajakilpakkam Vengaivasal 
Temperature (°C) 31.81±3.06 32.04±2.93 
pH 7.47±0.24 7.85±0.57 
DO (mg/L) 2.71±1.25 3.35±1.59 
EC (mS/cm) 2.29±1.30 1.36±0.77 
TDS (mg/L) 850.50±343.09 509.90±292.79 
Alkalinity (mg/L) 214.50±50.01 92.50±41 
TH (mg/L) 404.17±127.59 220.50±104.59 
Cl (ppm) 222.73±138.44 154.62±124.95 
Phosphate (µg/L) 435.64±341.94 76.59±66.51 
BOD (ppm) 21.73±14.44 22.19±9.48 
Wu et al. (2014) investigated the impact of seasonal variation on several toxic contaminants 
in urban lakes located in Beijing, China. To test the aim of this study, analysis was conducted 
monthly from 2009 to 2012. A total of 12 urban lakes were monitored. Toxic contaminants 
such as volatile phenols, fluorides, arsenic, and selenium were analysed. In conjunction with 
these parameters, pH, dissolved oxygen, electrical conductivity, Secchi depth, and 
temperature were also monitored. Multiple regression was used to identify the climatic 
characteristics and impacts to water quality. To test the significance of the trends regarding 
meteorological data, Mann-Kendall nonparametric analysis was conducted. It was found 
that the fluoride and arsenic levels were impacted by the change in temperature and 
precipitation.  
Marchi and Carrick (2006) aimed to evaluate and compare the water quality of two lakes 
with respect to nutrients and phytoplankton status (California, America). For this 
investigation, samples were collected on nine occasions. Samples were analysed for 
temperature, electrical conductivity, salinity, dissolved oxygen, photosynthetic active 
radiation, pH, Secchi depth, nitrate N, nitrite N, ammonium N, soluble reactive phosphorus, 
total phosphorus, total nitrogen, and chlorophyll a. Chlorophyll a was used to estimate 
phytoplankton biomass. Nutrient Enrichment Bioassays were also conducted on the samples 
collected. It was found that the nutrients correlated with chlorophyll a – phytoplankton 
biomass. Their findings are shown in Table 2.9. It can be seen that the water quality in the 
South Lake is generally better than the North Lake. One of the reasons mentioned for this is 




Table 2.9 Water quality at South Lake Merced and North Lake Merced (Marchi & Carrick 2006). 
 Lake  
Parameter, Units South North Result 
Chlorophylla a, µg/L 8.8±2.9 37.9±19.6 South<North 
Conductivity, µS/cm 426±24 649±27 South<North 
Oxygen, mg/L 7.2±0.9 8.8±1.8 South<North 
pH 8.1±0.1 8.7±0.3 South<North 
TN, µg/L 2447±515 5519±1595 South<North 
TP, µg/L 25±10 228±87 South<North 
Temperature, °C 16.0±1.5 16.1±2.0 South=North 
Light Extinction, 1/m 1.4±0.3 2.9±0.9 South<North 
Secchi Depth, cm 1.2±0.1 0.5±0.1 South>North 
This study conducted by Waltham et al. (2014) explored the long term water quality data of 
a large constructed urban freshwater lake located in Gold Coast, Australia.  Sediment 
analysis was done once at 7 points in the lake. Silver, arsenic, lead, cadmium, chromium, 
copper, manganese, nickel, selenium, zinc, and mercury were analysed. Other soil samples 
were incubated with water from the site and mixed after equilibrium. They were further 
analysed for nutrients, argon, dissolved oxygen, and pH. Aquatic organisms were also 
investigated. MUSIC modelling was also used to understand the impact of the various land 
uses on the stormwater quality. As a part of Gold Coast City Council, routine water quality 
has been done every 3 months from 1997. Temperature, electrical conductivity, dissolved 
oxygen, pH, Secchi depth, total nitrogen, total phosphorus, ammonium, nitrate, phosphate, 
chlorophyll a, and turbidity were measured. Faecal coliforms were measured more 
frequently depending on the season. It was found that the community valued the lake to a 
large extent. Through modelling, it was estimated that approximately for each mega-litre of 
stormwater that enters the lake during rainfall runoff, 220kg of total suspended solids, 
0.42kg of total phosphorus, and 2.03kg of total nitrogen would be washed off from the 
catchment and into the lake. As for the water quality, the lake seemed to follow similar 
trends to the other constructed lakes; the water quality declines over the time. 
 
Similarly, Xavier, Vale and Vasconcelos (2007) studied the variations in the limnology of two 
different urban lakes (Porto, Portugal). To understand the water quality, sampling was 




Parameters such as pH, temperature, dissolved oxygen, electrical conductivity, Secchi depth, 
biochemical oxygen demand, chlorophyll a, ammonium, nitrate, nitrite, phosphate, and 
phytoplankton quantification were analysed. It was found that ammonia levels were 
impacted by the decaying organic matter from trees. It was concluded that the lakes had 
different phytoplankton communities. 
A study conducted by Ravikumar, Aneesul Mehmood and Somashekar (2013) explored the 
water quality of two lakes situated in Bangalore, India. Sankey tank and Mallathahalli Lake, 
two manmade water systems, were studied. Analysis was done for three months and 
parameters such as cations and anions, pH, turbidity, electrical conductivity, dissolved 
oxygen, total dissolved solids, alkalinity, biochemical oxygen demand, chemical oxygen 
demand, colour, and carbon dioxide were explored. It was found that with the parameters 
explored, Sankey tank was evaluated to have good water quality while Mallathahalli Lake 
was poor. However, both lakes were found to have water good enough for irrigation 
purposes.  
 Other studies have further investigated the use of wetlands as pre-treatment to 
stormwater prior it entering an urban lake. The main objective of the study conducted by 
Cui, Yuan and Wang (2011)was to evaluate the effectiveness of constructed wetlands for 
urban lakes. Surface flow (FWS) and subsurface flow (SFS) wetlands were studied. To 
understand the abilities of constructed wetlands in improving water quality, two wetlands 
were constructed: FWS and SFS. Raw water was added; outflow and inflow samples were 
analysed. Analysis included chemical oxygen demand, total nitrogen, total phosphorus, 
ammonia N, nitrite N, pH, and suspended solids. It was found that temperature and 
seasonal variations impacted the nitrogen values. FWS wetland systems seemed to improve 
levels of ammonia, total nitrogen, and total phosphorus more efficiently than SFS. This is 
shown in Figure 2.1. Similar studies were also conducted by Oberts and Osgood (1991) and 





Figure 2.1 Removal efficiency percentage of pollutants between Surface Flow Wetland and Subsurface Flow Wetland 
(Cui, Yuan & Wang 2011). 
Studies mentioned, although thorough, would improve credibility if there is inclusion of 
more water quality parameters during the analysis, and increase in the frequency and 
duration of the sampling and analysis. For complete analysis, physicochemical parameters 
such as: pH, electrical conductivity, dissolved oxygen, biochemical oxygen demand, nitrates, 
nitrites, ammonium, phosphates, total nitrogen, and total phosphorus need to be analysed. 
Biological parameters such as Chlorophyll a, faecal coliform, and Escherichia coli should also 
be considered. Infrequent and short periods of sampling and analysis can impact the trends 
found in the data. No interpretations can be made regarding the impacts and correlations 
between the parameters. It is important that the monitoring is done for an extended period 
of time and regularly. To further improve the study, stormwater quality and quantity should 
be monitored.   
2.5.1.1 Stratification 
 
Stratification refers to the sections that form in water masses due to changes in 
temperature and chemistry of the water. Thermal stratification usually occurs in warmer 
seasons and impacts the vertical water quality variation in lakes (Yu et al. 2010). Similarly 
chemical stratification refers to levels formed due to the varying chemical makeup of the 




lead to stratification in lakes(Boehrer & Schultze 2008). The layers formed are known as the 





Figure 2.2 Layers formed during thermal stratification (LakeAccess 2002) 
In a study conducted by Elçi (2008), the impacts of thermal stratification and mixing on 
reservoir water quality was investigated. Field observations and statistical analysis was 
done. Field observations occurred monthly and to further investigate the behaviour of the 
parameters, measurements were made for duration of 1 month in which data was collected 
every 30 mins. Dissolved oxygen, temperature, biochemical oxygen demand, pH, nitrate, 
turbidity, and total solids were analysed. Multivariate analysis was done taking into 
consideration aspects such as air temperature, wind speed, wind direction, humidity, lagged 
wind speed, evaporation, and temperature difference. Partial least squares approach was 
used to understand the correlation between the variables. It was found that turbidity and 
suspended solids were impacted by stratification. Dissolved oxygen levels decreased at the 
thermocline, which acted as a barrier. It was also concluded that wind direction and 
evaporation had no influence on the water quality. 
The main objective of the study conducted by Rangel-Peraza et al. (2012) was to develop a 
model for water quality and quantity for a tropical reservoir in Mexico to understand the 
transport and mixing characteristics of the system. For the purpose of this study, the model 




created of the reservoir (187 m). Aspects such as inflows, outflows, and water surface 
elevations were obtained from a water balance previously carried out. Meteorological data 
was obtained from a weather monitoring station near the location. Inflow water 
temperatures and inflow dissolved oxygen concentrations were estimated. Model 
calibration was done using field collected data for aspects such as water level fluctuations, 
temperature, dissolved oxygen, and total dissolved solids. It was found that thermal 
stratification for that particular reservoir was characterised as a warm monomictic water 
circulation pattern. It was observed that total dissolved solid values increased during that 
rainy season. It was also stated that due to thermal stratification in warmer months, 
dissolved oxygen concentrations decreased (<2 mg/L).  
The study conducted by McEnroe et al. (2013) aimed to test thermal and conductivity 
profiles of stormwater ponds to investigate the statement of whether they acted as 
‘completely mixed reactors’. Forty five ponds were sampled in Ontario. They were selected 
based on surface area, depth, catchment, drainage characteristics, age, inlet number, 
accessibility, and the presence of a sediment forebay. Temperature and conductivity were 
measured at various depths. Van Dorn sampler was utilised to collect samples at various 
depths. Dissolved organic carbon, total dissolved phosphorus, total dissolved nitrogen, 
particulate P and N, Chlorophyll a, and total suspended solids were analysed. It was found 
that post ponds were stratified despite their shallow nature. Temperature differences were 
more related to the stability of the water column rather that conductivity. 
Studies have shown that thermal and chemical stratification can be caused by the lack of 
mixing in water bodies. Warmer climate seems to also aid in the stratification process as 
temperature increases. Dissolved oxygen levels are impacted by this as the solubility of the 
oxygen decreases with the increase in temperature (Becker et al. 2010). It is therefore 
important that proper care is taken to prevent stratification through processes such as 





2.6 Maintenance of lakes and wetlands 
 
For constructed wetlands to consistently and efficiently serve their purpose of improving 
water quality through processes that reduce sediments, nutrients, and pollutants, there 
needs to be adequate maintenance strategies followed. It has to be ensured that 
maintenance is done regularly for the system to function efficiently (Erickson et al. 2010). 
Problems such as, suspended litter in the wetland, oil accumulation, growth of weeds, 
eutrophication and mosquitos, can be mitigated if maintenance is done regularly (Hunter 
2013).  Aspects to be considered include: removal of sediments/solids from the forebay 
area, maintenance of the drawdown-hole, removal of aquatic pests such as carp and weeds, 
and the regular clean-up of the surrounding area (Hunt & Lord 2006). 
2.6.1 Forebay maintenance 
 
The forebay is the area in which effluent is released from the inlet. Usually, the depths 
range from 0.5 to 1m. The purpose of the forebay is to regularise the water flow near the 
inlet region.  Settling and accumulation of solids and sediments such as, leaves, debris and 
other organic matter are facilitated in this area.  
 
To prevent spread of sediments to other areas of the water body, maintenance should be 
done. It is essential that the depth of the forebay is checked at least annually to assist in 
measurement of sediment levels (AC 2012).  If the forebay area is causing restrictions to the 
incoming water, the sediments should be removed. Typically the frequency of forebay 
sediment removal ranges from 5-10 years. However unstable watersheds may need 
maintenance yearly(Hunt & Lord 2006). The time taken for the removal can range from a 
day to a week depending upon the size of the system and the amount of sediments. A study 
conducted by O'Connor and Rossi (2009) found that removal of sediments from the forebay 
drastically improved the chemical oxygen demand and phosphorus concentrations in the 




2.6.2 Carp removal  
In a study conducted by Lougheed, Crosbie and Chow-Fraser (1998) , it was found that carp 
impacted the water quality in a negative way. Results showed that there was a significant 
correlation between carp population and turbidity. Similarly, studies conducted by Cahoon 
(1953)and Pinto et al. (2005) discovered that carp removal resulted in improvement in 
water quality. Physical parameters such as turbidity and total solids improved. Aquatic 
plants benefitted from the removal of carp as they had more opportunity to flourish. Algal 
growth seemed to have depleted too. A study conducted by Miller and Crowl (2006) aimed 
to investigate the impact of carp on macrophytes. This study found that carp negatively 
impacted the abundance of macrophytes and some macroinvertebrates in the 
environmental setup and that wind and wave action also impact the growth of 
macrophytes. 
Carp should be removed before spawning season for the prevention of further production. 
Other maintenance processes such as revegetation, erosion control, and reintroduction of 
native aquatic organisms should be done in conjunction to carp removal for most efficient 
results (NSWGovernment 2014). 
2.6.3 Removal of suspended debris  
As stormwater flows on many surfaces, it adsorbs pollutants and debris. It is essential the 
suspended solids are removed due to the following: 
 The aesthetics of the area is impacted negatively due to the unattractive appearance 
of the water 
 Debris such as plastic bags and other materials can hold small quantities of water 
which can cause growth and infestation of mosquitos 
 The debris can also clog the pipes and other holes.  
To prevent any issues to the functionality of the lake/wetland, inspection should be done at 
least once a month. The debris can be easily collected as it moves towards the edges of the 
watershed (WatershedProtection 2004). This process should be done frequently to prevent 




2.6.4 Removal of invasive plants  
The environmental conditions in a watershed can provide the optimal settings for invasive 
aquatic plants to flourish. Introduced plants can cause a major impact to the existing 
ecosystem. Plants include: Salvinia molesta (salvinia), Brachiara mutica (para grass), and 
Mimosa pigra (mimosa) (Braithwaite, Lonsdale & Estbergs 1989) (Figure 2.3 and Figure 2.4). 
Habitat availability and competition with native species are brought about as a result of the 
presence of these foreign species.  
 
Figure 2.4 Salvinia molesta  and Mimosa pigra (Wilson 2003b). 
2.6.5 Other maintenance  
 
Gross pollutant traps are designed to retain debris such as leaves, branches, and other 
rubbish. Ideally they should be cleaned thoroughly once every 3 months for efficient 
pollutant removal (MelbourneWater 2005).   
Inspection of the premises should happen every 3 months to ensure the system efficiency 
(MelbourneWater 2005). To maintain the aesthetics of the lake and surrounding parkland, 
overall clean-up of the area should be done regularly. 
2.7 Property Price Impact 
 
Hedonic property price approach has been used more frequently to understand the impact 
of any system on property values. Hedonic pricing method takes into consideration the fact 




that properties are not homogenous. Aspects such as number of bedrooms, bathroom, 
property size, neighbourhood and environmental attributes differ between the properties 
(Michael, Boyle & Bouchard 1996). This method utilises information such as past property 
data to understand the impact (Beal 2007; Mahan, Polasky & Adams 2000). The model 
utilises a linear regression model to estimate the impact of different characteristics on the 
property prices. The various aspects that impact property prices are illustrated in Figure 2.5 
(Ahnlund & Suarez 2014). 
 
Figure 2.5 Characteristics that impact property value (Ahnlund & Suarez 2014) 
The general formula applied in the hedonic method is shown in Equation 2 (Artell 2014; 
Tapsuwan et al. 2009). 𝑙𝑛𝑃𝑖  refers to the natural log of sold price of 𝑖: 1, 2, 3…number of 
house. Parameters S, N, and W, refer to the structural characteristics, neighbourhood 
characteristics, and Wetland/ Water body impact respectively. D refers to the suburb 
dummy. β represents the regression coefficients. j, k, l, and m are the number of variables in 
each parameter. 𝜀𝑖 refers to the error.  
𝑙𝑛𝑃𝑖 = 𝛽0 + ∑ 𝛽𝑗𝑆𝑗𝑖 + ∑ 𝛽𝑘𝑁𝑘𝑖 + ∑ 𝛽𝑙𝑊𝑙𝑖 + ∑ 𝛽𝑚𝐷𝑚𝑖 + 𝜀𝑖 (2) 
Studies conducted by Mahan, Polasky and Adams (2000), Tapsuwan et al. (2009), Boyer and 




quantify the impact of the urban lakes/ wetlands on property prices. Other studies have 
gone further and also estimated the impact of water quality of the lake/wetland on the 
property prices (Artell 2014; Gibbs et al. 2002; Leggett & Bockstael 2000; Walsh 2009).  
Table 2.10 shows a summary of some studies that have used the hedonic property price 
approach.  
Table 2.10 Summary of hedonic property price studies.  
Studies Parameters Water feature Location 
Tapsuwan et al. 
(2009) 
Lot area, bedrooms, 
bathrooms, study area, 
carpark, dining, age of 
house, distance to 
beaches, wetlands, 
freeways and the city, 
and elevation above sea 
level. 
Wetlands Perth, Australia 
Mahan, Polasky and 
Adams (2000) 
Lot area, bedrooms, 
bathrooms, fireplaces, 
pool, age of house, 
distance to city, nearest 
wetland, property 
location, and the view.  
Wetlands Oregon, Canada 
Frey et al. (2013) Lot area, bedrooms, 
bathrooms, pool, 
heating, cooling, garage, 
age of house, distance 
to lagoon, and park 
front.  
Lagoon California, America 
Wen, Bu and Qin 
(2014) 
Age of house, external 
and internal 
environment, sports 
facilities, living facilities, 
distance to universities, 
subways and lakes. 
Urban Lakes Hangzhou, China 
Gibbs et al. (2002) Lot area, age of house, 
plumbing, distance to 
nearest town, tax rate, 
surface area of lake, 
water clarity,  
Lakes New Hampshire, 
England 
Walsh (2009) Lot area, heated area, 
bedrooms, bathrooms, 
age of house, pool, 
distance to nearest lake 





and surface area of lake, 
distance to city, and 
percentage of 
white/black population.  
The study conducted by Tapsuwan et al. (2009) in Perth, Australia, took into consideration 
aspects such as sale price, regression coefficients, structural variable, neighbourhood 
variable, and wetland variable for the calculations. Two main data types that were used are 
geospatial and property price data. They found that by reducing the distance between 
property and a wetland (in this study the average distance was 943m) by 1m will increase 
the value of the property by $42.46. 
Similarly, the study conducted by Mahan, Polasky and Adams (2000) (Oregon, Canada) 
considered the same aspects and further included aspects such as individual composite 
commodity, willingness of individuals to pay for environmental attributes, and marginal 
costs for other characteristics. The conclusion stated in both studies was that there is an 
impact of the system on property prices. It was found that an increase in the size of an 
urban wetland by one acre increased property value by US$24. Reducing the distance 
between a wetland and residence by 1000ft (≈305m) increased the property value by 
US$436. 
The study conducted by Frey et al. (2013) utilised spatial hedonic valuation to understand 
the impact of urban wetlands (South California) on property price. Similar to the other 
studies, hedonic modelling was done considering aspects such as housing characteristics, 
location, and time. A total of 651 property sales were used. A similar hedonic approach was 
also utilised; the Zillow estimate. It was found that the closer a property is to the wetland, 
the more it is valued. Having a pool in the property also had a major impact on the value.  
The impact of urban lakes on property prices was only investigated by some researchers. 
Wen, Bu and Qin (2014) conducted a study that combined spatial dependence with 
traditional hedonic regression. This was done to understand the impact of a lake on 
property prices. In this study, 660 communities over 6 urban districts were investigated 
(China). A combination of field surveys and interviews with real estate agencies were done 




than city centres. It was quantified that property prices would drop by 0.159% as the 
distance to the lake increased by 1%.  
Another study regarding the impact of lakes on property prices was conducted by Gibbs et 
al. (2002) in which the aim was to quantify the impact of lake water quality on property 
prices in England. For this study, 69 lakes in 59 towns were investigated. The hedonic 
property model considered aspects such as home price, structural characteristics, locational 
characteristics, and environmental characteristics. Ordinary least squares method was used 
for the estimation process. Environmental characteristics included secchi depth, lake area, 
and the natural log of water clarity. Some surveys were also conducted to obtain missing 
data. A total of 447 observations were used for the analysis. It was found that the implicit 
values ranged from $1100 to $10000. It was also found that the public were concerned 
about the water quality and stated that it would have a major impact on whether they 
purchased the property. 
A study conducted by Leggett and Bockstael (2000) aimed to utilise the hedonic property 
approach to understand the significance of water quality on property prices. Faecal coliform 
was the only parameter taken into consideration in this study. The main reasons for this 
choice were that the visitors would be most impacted by this issue, water related problems 
such as odour and appearance, and that the faecal coliforms pose a threat to the visitors. A 
total of 1183 samples were analysed from Chesapeake Bay, America. Ordinary least squares 
method was used. The dependent variables were market price and market price minus the 
assessed value. Other variables included area and distance to the water body. It was found 
that faecal coliform in the water did have an impact on property prices. It was estimated 
that an improvement in water quality with relation to 494 properties would increase their 
value by around $12.145 million. 
Dissertations completed by Walsh (2009) and Cline (2002) also used this method to evaluate 
the impact of the lake/ wetland system on property prices. Walsh (2009) conducted 3 types 
of analysis; hedonic property value analysis of water quality, examination of spatial 
difference in the hedonic modelling of water, water quality indicators in the hedonic 




included over 54,000 property sales for 146 lakes over nine years (Central Florida). Cline 
(2002) approached this model in a different manner. Interviews were conducted with real 
estate industry representatives, attitudinal surveys of the locals, and the hedonic pricing 
were conducted for the purpose of this study.  
Although the hedonic approach is being widely used, there are some advantages and 
limitations to this method that should be taken into consideration. An advantage is the 
ability to quantify the actual amount individuals are prepared to pay for the facility. 
However, limitations include data availability, errors in calculating coefficients, limited scope 
with respect to environmental benefits, and lack of ability to correlate with taxes and 
interest rates (Ahnlund & Suarez 2014). However, community opinion can help in 
determining the impact more accurately. More studies have been conducted on the impact 
of constructed wetlands on property price. Only a few have been done with respect to 
urban lakes.  It is an important topic as it determines the necessity and impact of an urban 
lake in upcoming residential areas. Hedonic pricing approach seems to be an efficient 
method of estimating the impact of various aspects on property prices, ensuring the data 
collected and used are valid.  
2.8 Community benefits and opinions 
 
Urban lakes and wetlands can serve the purpose of improving the wellbeing of visitors and 
provide an area for recreation, provided the area is maintained satisfactorily. If designed in 
an aesthetically pleasing manner, the systems can promote participation of the visitors in 
recreational activities. Recreational activities include: walking, running, picnicking, and bird 
watching (Beal 2007). Further, if equipment for exercise and other activities are provided, it 
would encourage physical activity (Apostolaki & Jefferies 2009). It will also promote 
communication and interaction between the visitors (Thompson 2002). Some studies have 
also shown the psychological benefits of interacting with nature (Berman, Jonides & Kaplan 
2008; Keniger et al. 2013). Green infrastructure is seen as an asset as it may increase the 
opportunity to improve physical and mental wellbeing (Berman, Jonides & Kaplan 2008; 
Keniger et al. 2013; Richardson et al. 2013). Access to a public open space such as an urban 




also home to many species of fauna and flora, and hence promote other activities such as 
photography(Waltham et al. 2014). Community members will regard the system as an asset 
if designed and maintained satisfactorily (Mitsch & Gosselink 2000). A few studies have 
been conducted to understand the opinions the individuals of the community had on a local 
urban lake (Crase & Gillespie 2008; D’Souza & Nagendra 2011; Debo 1977; Walker et al. 
2013).  
 
The study conducted by Walker et al. (2012) aimed to link community well-being and a 
series of urban lakes in Queensland, Australia. The site consists of 8 urban lakes. To 
understand the attitude of the public, surveys were conducted during the summer (3 
months). These surveys were also conducted to understand and identify the frequency and 
contact (primary or secondary recreation) in which the lakes were used. Dillman’s Tailored 
Method was utilised in the design of the surveys. The aim of the method used is to optimise 
the number of surveys completed by customising survey procedures (Dillman 2014). Out of 
466 surveys distributed only 155 households responded. It was found that the residents 
have tangible (property value) and intangible (recreation, enjoyment, and a sense of 
community/belonging); however, they felt low responsibility for the health of the lake. 
A similar study was conducted by Debo (1997) in which attitudinal surveys were completed 
by residents and other visitors to understand the perceived advantages and disadvantages 
of being situated near lakes (Georgia, America). It was concluded that the lakes do have a 
positive impact on the property prices, according to the residents. 
Waltham et al. (2014) also conducted surveys on community members who attended a 
meeting regarding their thoughts on the freshwater urban lake located in Queensland, 
Australia. A total of 97 surveys were completed. It was found that respondents had a 
significant appreciation for the aesthetics of the lake. However, they also mentioned that 
the lake required more efficient aquatic management.  
A similar study was conducted in Agara Lake, Bangalore in which visitors were surveyed 
(D’Souza & Nagendra 2011). However, the situation was slightly different. Surveys were 
conducted to understand the changes that occur when governance is changed from 




perception of the lake by public has changed from a community based uses for activities 
such as fishing, irrigation, and drinking water, to an urban outlook that focuses on 
recreation and leisure. A total of 73 surveys were conducted. 
 Another study explored the relationship between water quality and the recreational 
activities that occur in a lake Crase and Gillespie (2008) (Lake Hume, NSW). A travel cost 
method (TCM) was utilised. TCM is based upon the travel that the most distant visitor takes 
to visit the area and using that as an indicator for the price individuals are willing to pay to 
be able to get the benefits that may come from visiting the area. Surveys were conducted to 
quantify the actual costs incurred by the visitors. Individual and zone TCM were done. The 
survey also determined the frequency of visits. Aspects such as travel time, cost, and annual 
visits were extrapolated from the studies conducted. A total of 219 groups were surveyed. 
The demand for visitation is illustrated in Figure 2.6. They found that water quality did have 
an impact on recreational values. Algal blooms seemed to cause major detrimental impacts.    
 
Figure 2.6 Demand for visitation (Crase & Gillespie 2008). 
A study conducted by Maas et al. (2006) found that the amount of green space in an 
individuals’ residential suburb had a positive impact on perceived health. Further, in a study 
conducted by Astell-Burt, Feng and Kolt (2013), individuals living in greener neighbourhoods 
were found to have a lower risk of stress and generally more active than less greener places. 




concluded in that study that public open spaces proved to improve physical and mental 
well-being.  
Not many studies were conducted regarding the community feedback on the lake/wetland 
system, especially in New South Wales. It is important that there is a clear picture of what 
the community want and need to be able to efficiently design future stormwater storage 
systems in urban residential areas. Future studies done on public well-being provide 
evidence for developers and policymakers designing public areas to improve designs to 
further promote healthy living (Koohsari et al. 2015). 
2.9 Knowledge gap 
 
Reviewing past literature regarding urban lakes has helped in determining knowledge gaps. 
In general, studies have concentrated on one aspect of urban lakes such as water quality. A 
correlation of the social, economic, and environmental characteristics has not been done 






Table 2.11 The knowledge gap in existing studies 





There is a lack of studies on urban lakes 
for stormwater storage and treatment. 
Only a few studies have been conducted 
with respect to water quality (Marchi & 
Carrick 2006; Oberts & Osgood 1991; 
Waltham et al. 2014; Wu et al. 2014; 
Xavier, Vale & Vasconcelos 2007). In 
general, sampling occurred monthly for 
1- 3 years depending on the study. The 
studies usually had data for temperature, 
pH, dissolved oxygen, electrical 
conductivity, and nutrients. Few studies 
considered chlorophyll a (Marchi & 
Carrick 2006; Waltham et al. 2014; 
Xavier, Vale & Vasconcelos 2007). Only a 
few studies considered inlet and outlet 
monitoring (Martín et al. 2013; Walker 
2012; Xavier, Vale & Vasconcelos 2007), 
however, the duration and frequency of 
sampling was not optimal for 
understanding the removal efficiency in 
the system. Some studies conducted, 
explored the impact of having a 
It is important that a complete range of 
parameters are analysed to have a 
proper understanding of the quality of 
water. Parameters to be analysed 
include: temperature, pH, dissolved 
oxygen, electrical conductivity, nitrite N, 
nitrate N, ammonium N, phosphate P, 
total nitrogen and phosphorus, 
chlorophyll a, and dissolved organic 
carbon. These parameters will show how 
the lake acts as an ecosystem. The 
frequency and duration of sampling and 
analysis should also be extended for 
optimal results. Ideally, one year of 
continuous (bimonthly) monitoring 
should provide sufficient results to 
understand the seasonal variations in 
water quality. Inlet and outlet 
monitoring will illustrate the ability of 
the system to improve the quality of the 
water. It would also show the impact of 
rainfall on the parameters analysed. Inlet 
and outlet monitoring has not been done 
 Extended water quality 
monitoring with wide range 
of parameters. 
 Comparison of lake systems 
with and without 
constructed wetland. 
 Inlet and outlet monitoring 




constructed wetland/ detention pond as 
a means of pre-treatment before 
runoff/waste water is directed to an 
urban lake (Cui, Yuan & Wang 2011; 
Martín et al. 2013; Oberts & Osgood 
1991). 
for a long duration of time in some 
studies. In general, studies only monitor 
water quality once per month. This 
frequency would not adequately 
illustrate the impact of seasonal changes 
on water quality. Having continuous 
monitoring of the inlet and outlet would 
illustrate the impact of rainfall on the 
water quality and also the changes that 
occur in the lake. This will clearly show 
the removal efficiencies of pollutants in 
urban lakes which, in the past literature, 
has not been achieved. Also comparison 
of performance between an urban lake 
and an urban lake with a constructed 




Studies have been carried out to explore 
soil characteristics in different types of 
catchment uses (Pouyat et al. 2007; 
Scharenbroch, Lloyd & Johnson-Maynard 
2005; Zhi-Guo et al. 2013). However, 
studies have not been done to link the 
soil/catchment properties on water 
quality in lakes and wetlands.  
Stormwater systems are impacted by 
catchment area as rain water passes 
through various surfaces before reaching 
the final water body. It is important to 
explore the soil type, nutrient and cation 
content. This will explain the levels of 
pollutants found in lakes.  
 Analysis of sediment and 
soil sampling. 






and Melbourne Water have explored 
design and maintenance of urban lakes to 
some extent (MCC 2008; 
MelbourneWater 2005).   
lakes with respect to designing and their 
performance evaluation. However, the 
only design consideration that is 
available in the literature is the formula: 
storage=inflow-outflow. More research 
is required to come up with conditions to 
ensure maximum efficiency in removal of 
pollutants. Comparison of the pollutant 
load estimated using the actual water 
quality analysed in the study with the 
one determined using MUSIC modelling 
will give some indication on the 
reliability of pollutant estimation using 
MUSIC. This will also indicate the 
efficiency of the systems in improving 
water quality.  
lakes to investigate the 




Only a few studies have explored the 
opinions of community members with 
respect to water bodies (Crase & Gillespie 
2008; D’Souza & Nagendra 2011; Debo 
1977; Walker et al. 2013).  
 
No quantitative analysis has been carried 
out on the community benefits arising 
from urban lakes. Also community 
feedback regarding urban lakes has not 
been done to a great extent in New 
South Wales.  
 Community surveyed 
regarding impact of lake on 
general wellbeing and 
property prices. 
Property price Hedonic property pricing approach has 
been used by several studies to 
understand and estimate the impact of 
the lake/wetland on property prices 
Hedonic property price approach should 
be utilised to estimate the impact of the 
lake/wetland system on the value of 
property in the surrounding area 
 Hedonic property analysis 





(Artell 2014; Cline 2002; Tapsuwan et al. 
2009; Walsh 2009). 
especially in New South Wales. The 
information collected from this aspect of 
the study would help councils in 
determining the impact of various 
characteristics on property values. It 
would also benefit community members 
as it would give them a sense of how 
much the lake impacts their property 
value; this would promote responsibility 
in members to improve and maintain the 





Chapter 3: Catchment Characteristics 
and their Impact on Water Quality 
3.1 Introduction 
 
As water is essential for life, it is important that all measures are taken to sustain, treat and 
store this resource. Stormwater is defined as the excess water from rainfall. It passes 
through many surfaces and adsorbs various pollutants. Heavy rainfall can cause degradation 
in the water quality as pollutants such as debris, bacteria, nutrients, chemicals, oil and 
sediments adhere to the water (Aryal et al. 2010; Göbel, Dierkes & Coldewey 2007; 
Tsihrintzis & Hamid 1998; Wium-Andersen et al. 2013; Zoppou 2001). Stormwater enters 
drains and is further divided into pipes that ultimately lead to a water body. Likelihood of 
flooding increases in the event of heavy rainfall. The primary objectives of stormwater 
system design and planning are for the purposes of flood water retention and safety of the 
public (VictorianCommittee 1999). 
Water Sensitive Urban Design (WSUD) refers to the planning, development, and 
construction of urban areas ensuring that the design takes into consideration the urban 
water cycle (WSUD 2014). Systems used for improving and storing stormwater include 
constructed wetlands, lakes/ponds, gross pollutant traps, tree pits, sedimentation basins, 
buffer strips, swales, porous roads, and bioretention systems. Increasingly, stormwater 
management systems such as urban lakes and wetlands are being implemented in 
developing areas as they help in storing and treating water (Persson, Somes & Wong 1999). 
They are designed to serve many purposes such as storing runoff, promoting physical 
wellbeing to visitors of all ages, and improving the property prices in that area.  
Urban lakes enhance the quality of water through UV irradiation, sedimentation and 
infiltration. Similarly, wetlands also treat water through processes such as sedimentation, 
infiltration, adsorption, and due to their shallow nature, increase in detention time 
improves the retention of nutrients by plants. As these systems are designed to also serve 




effects to the properties surrounding the systems, and more importantly, the community 
(Crase & Gillespie 2008; Debo 1977; Walker et al. 2013).  
The Australian and New Zealand Guidelines for fresh and marine water quality (ANZECC 
2000) explores the allowable ranges for the concentration of nutrients, and physical 
parameters such as electrical conductivity, dissolved oxygen, and pH. However, the values 
are directed towards naturally occurring lakes and water bodies. Nevertheless, as no other 
guidelines are present for stormwater quality, the ranges provided may be used for general 
quality of water in the systems. There are no standards or guidelines for soil nutrient 
quality, and for this reason, results from different studies were used for comparison.  
Previously studies have been conducted on the ability for constructed wetlands to improve 
water quality (Carleton et al. 2001; Greenway & Woolley 1999; Hathaway & Hunt 2010; Li, 
Deletic & Fletcher 2007; Qitao, Jianghua & Youngchul 2010). It was found that in general, 
water quality did seem to improve. The efficiency was impacted by the detention time and 
the nutrient uptake by plants. Other studies have been conducted on urban lakes and 
effectiveness of stormwater treatment (Oberts & Osgood 1991; Walker 2012; Xavier, Vale & 
Vasconcelos 2007). The general conclusion from these studies was that the water quality 
worsened over time. In most studies, although the duration was for an extended period of 
time, the sampling frequency was generally once per month.  
The correlation between the parameters and the impact of rainfall cannot be efficiently 
investigated if the frequency of sampling and analysis is low. To have an increase in the 
knowledge of the systems and the impacts on water quality, it is essential that monitoring 
be done for an extended duration of time and more regularly and with the inclusion of 
parameters such as pH, DO, EC, BOD, and carbon analysis. Furthermore, changes in water 
quality over seasons in existing stormwater management systems have not been researched 
to a significant extent. There have not been many studies regarding soil characteristics in 
Australia and more specifically residential areas. Additionally, sediment quality in urban 
lakes has not been explored previously.  
One of the main aims of this study was to explore the environmental aspects of urban lakes 
and constructed wetlands. Further, the impact of catchment characteristics, soil quality and 




for water quality; a standalone lake system and an integrated wetland and lake system. 
These sites are located in the Western Sydney region, NSW, Australia. Parameters such as 
temperature, dissolved oxygen, electrical conductivity, pH, turbidity, total solids, suspended 
solids, biochemical oxygen demand, dissolved organic carbon, total nitrogen and 
components of nitrogen, total phosphorus and components of phosphorus, and chlorophyll-
a were analysed. For soil and sediments, total nitrogen, total phosphorus and iron were 
measured.  
3.2 Methodology  
 
Two lakes situated in urban residential suburbs located in Western Sydney, New South 
Wales, Australia were studied. Wattle Grove Lake is a standalone stormwater lake, while 
Woodcroft Lake/wetland is a combined system.  
Literature review shows that there is a knowledge gap related to water quality within urban 
lakes and residential catchment areas. It is important that a complete range of parameters 
are analysed to have a proper understanding of the quality of water. Parameters included in 
this study are: temperature, pH, dissolved oxygen, electrical conductivity, nitrite N, nitrate 
N, ammonium N, phosphate P, total nitrogen and phosphorus, chlorophyll a, and dissolved 
organic carbon. These parameters will show how the lake acts as an ecosystem. One year of 
continuous (bimonthly) monitoring was done to provide sufficient local data to understand 
the seasonal variations in water quality. Inlet and outlet monitoring was also done to 
illustrate the ability of the system to improve the quality of the water. Having continuous 
monitoring of the inlet and outlet would illustrate the impact of rainfall on the water quality 
and also the changes that occur in the lake. This will clearly show the removal efficiencies of 
pollutants in urban lakes which, in the past literature, has not been achieved. Also 
comparison of performance between an urban lake and an urban lake with a constructed 
wetland has not been studied in terms of removal efficiencies. This chapter aims to answer 
the following research objective: 
To investigate how the water quality of urban lakes is influenced by variations in seasonal 




The summary of the site descriptions is shown in Table 3.1. It can be seen that Wattle Grove 
and Woodcroft have significant differences with respect to catchment size and depths. 
Additionally, the parkland associated with the Woodcroft system is almost double that of 
Wattle Grove.  
Table 3.1 Site characteristics summary 
Parameters 
Wattle Grove 
lake Woodcroft wetland 
Woodcroft lake 







Maximum depth (m) 1.5 1.4 5 
Area of water body (ha) 2.5 1.5 3.2 
Area of parkland (ha) 2.5 4.9 
Volume (m3) 40,500 1300 80,000 to 110,000 
Catchment area (ha) 95 53 
  
3.2.1 Wattle Grove Lake 
 
Wattle Grove Lake is situated in Wattle Grove, a residential suburb in Liverpool, NSW. The 
Wattle Grove Lake is a manmade lake used for stormwater runoff storage (stormwater 
detention basin). It was constructed during 1992-1993 (LCC 2003). Prior to construction, the 
area was used by the Australian Defence Force land. A stormwater basin is designed to 
improve the water quality of runoff and provide sufficient flood storage. The lake stores and 
treats stormwater from the Wattle Grove catchment. The lake allows for the deposition of 
sediment and UV irradiation as means of water quality improvement.  
The approximate area of the lake is 2.5 ha. The Wattle Grove catchment has approximately 
1022 households. It is roughly 95 ha. The catchment area is illustrated in Figure 3.1. The 
catchment boundary is symbolised by the red outline. Wattle Grove Lake is connected to 
Anzac Creek. Excess water in the lake is discharged into the creek. The spillway is illustrated 





Figure 3.1 Catchment area for Wattle Grove Lake. Red outlines the catchment area (Drewitt 2016; LCC 2003). 
To enhance the water quality, Liverpool City Council has installed 3 aerators. Additionally, 2 
fountains have been installed to improve the water quality of the lake and make the 
surrounding area more aesthetically pleasing. The area surrounding the lake is landscaped in 
such a way that is appealing to the public for recreational purposes and is maintained 
appropriately. The area is used prominently for exercising and walking. Exercise equipment 
has been set up to promote exercise and improve the wellbeing of the residents. A 
playground is set up to encourage physical exercise in younger visitors. 
There are 3 sampling points for Wattle Grove Lake. These points are illustrated in Figure 3.2. 
Points 1 and 2 are the inlet and outlet, respectively. Point 3 is a point taken to represent the 
other areas of the lake. Lake water profile sampling occurred once a season to understand 
water quality at different depths (blue dots in Figure 3.2). Points 4 and 5 had autosamplers 
installed to monitor rain events. For preliminary analysis, five sampling points were 
analysed. However, after conducting statistical analysis it was found that only three points 




Table 3.2 Summary of Wattle Grove Lake sampling points.  
Point  Description 
1 Lake inlet 
2 Lake outlet 
3 Additional point in the lake 
4 Autosampler point and inlet from catchment 
area 
5 Autosampler point and outlet from lake to 
the creek.  
 
 
Figure 3.2 Aerial view of Wattle Grove Lake. Points 1 and 2 are the inlet and outlet, respectively. Point 3 is monitored 
to represent the water quality of the rest of the lake. Points 4 and 5 are the locations at which the autosamplers were 
installed for the stormwater monitoring. The blue dots indicate the locations at which sediment samples and lake 
profile sampling were taken. The flow is shown using the blue arrows. 
 
3.2.2 Woodcroft Lake and Wetland System 
 
Woodcroft Lake and Wetland system is located in Blacktown, NSW. This setup acts as a 
stormwater treatment and storage system. It was constructed in 1993. Previously, the area 









associated park land surrounding the lake and wetland is approximately 4.9ha. The 
catchment area for this system is approximately 53ha. The catchment area is illustrated in 
Figure 3.3. The wetland acts as a pre-treatment for the stormwater before it enters the lake.  
 
Figure 3.3 Catchment area for Woodcroft Wetland and Lake system. Red outlines the catchment area (Drewitt 2016). 
The aerial view of the system is shown in Figure 3.4. The inlet of the wetland is illustrated by 
Point 1. The stormwater travels through the wetland and out from Point 2 and enters the 
lake at Point 3. The lake acts as an equalisation basin. In high flow, the stormwater from the 
wetland exits at Point 7. Initially, eight sampling points were analysed, however, after 
statistical analysis, this was decreased to five significant points. A destratification system 
also operates to provide proper mixing of water in the lake. Lake profile sampling occurred 
once a season to investigate the water quality at different depths and to identify whether 
stratification occurred (blue dots in Figure 3.4). At points 2, 7, and 8, autosamplers were up 
to monitor rainfall events. Point 8 is the Gross Pollutant Trap for the system. At Point 7, the 
outflow of the water from the wetland is controlled by 4 siphons. The siphons ensure that 




maximum levels. The flow is shown using the blue arrows. The overflow during peak flows is 
shown by the red arrows. The sampling points are summarised in Table 3.3. To improve and 
promote physical wellbeing of the public, exercise equipment and walkways been included. 
A community hall is also being constructed near the lake.  
Table 3.3 Summary of Woodcroft Lake and Wetland sampling points.  
Point  Description 
1 Inlet to wetland 
2 Autosampler point and outlet of wetland to 
lake 
3 Inflow from wetland to lake 
4 Additional point in lake 
5 Additional point in lake 
6 Lake outlet 
7 Autosampler point and wetland overflow 
siphons 






Figure 3.4 Aerial view of Woodcroft Lake and Wetland. Points 1 and 2 are the inlet and the outlet for the wetland. 
Points 3 and 6 are the inlet and outlet for the lake, respectively.  Point 7 is the outlet from the wetland to the creek. At 
points 2, 8, and 7, autosamplers were installed to monitor storm events. The blue dots indicate the locations at which 
sediment samples and lake profile sampling were taken. The flow is shown using the blue arrows. The overflow 
during peak flows is shown by the red arrows. 
3.2.3 Water Quality Monitoring 
3.2.3.1 Wetland and lake water quality monitoring 
 
The samples were collected fortnightly in polyethylene bottles for the monitoring of wetland 
and lake water quality. The samples were usually taken at the same time during the day to 
maintain uniformity in the results (between 8 – 9AM). A sampling pole was used to access 
points that were hard to reach. In situ readings were taken for parameters such as dissolved 
oxygen, temperature, electrical conductivity, pH and turbidity immediately after collection. 
This is shown in Figure 3.5. The readings were taken twice for each sample to ensure 
reliable results. The samples were then transported to the laboratory to complete tests for 




packs to maintain an allowable temperature for the journey (shown in Figure 3.6). 
Parameters such as nutrients, biochemical oxygen demand and dissolved organic carbon 
required the samples to be stored at low temperatures for accurate results.  
In the lab, the samples were stored in the fridge. The equipment used were washed 
thoroughly and dried. Equipment used for the biological tests and biochemical oxygen 
demand were autoclaved at a high temperature and pressure and stored under a fume 
cupboard.  To maintain sterile conditions, the biological tests were completed in the clean 
room. Safety procedures such as wearing gloves, safety masks, closed shoes and specialised 
lab coats were followed. 
 
Figure 3.5 Turbidimeter for turbidity measurement and HACH HQ 40d for temperature, electrical conductivity, pH 






Figure 3.6 Esky for storing and transporting samples. 
3.2.3.2 Stormwater quality monitoring 
 
In conjunction with bimonthly analysis, rain events were also monitored. GAMET 
Autosamplers were installed within electrical enclosures and utilised for the sample 
collection (shown in Figure 3.8 and Figure 3.9). They were powered with 12V car batteries. 
On a regular basis, the batteries were recharged. The autosamplers collected 1L samples 
every 2 minutes for a total of 24 samples. These were triggered by float switches installed 
within the inlet and outlet of both lakes. The float switch set-up is shown in Figure 3.7. The 
switches were installed within plastic boxes to help regulate the water flow to and prevent 
accidental triggering due to turbulent water rather than increase in the flow of water. The 
samples collected were then analysed in the laboratory. This was to understand the impact 
of rainfall on various parameters. This monitoring also shows the ability for the system to 





Figure 3.7 Float switch set up to trigger autosampler during rain event 
 
Figure 3.8 Installation of autosampler into electrical enclosure. (At Woodcroft GPT) 
 
Figure 3.9 Set up of autosampler in electrical enclosure. 
 
3.2.3.3 Lake Profile  and Sediment Monitoring 
 
Water samples were taken at different depths of the lake on a seasonal basis along with 




had any stratification. A water depth sampler was utilised for the purpose of accurately 
collecting samples at varying depths within the lake. Samples were analysed for 
temperature, dissolved oxygen, electrical conductivity and turbidity. Additionally, to 
measure total solids and total suspended solids, a composite sample was made with 
samples taken at all depths. The sediment samples were collected using a sampling pole and 
polyethylene bottle with holes at the base to enable sampling of just sediment and let the 
water pass through. The sediment was then collected in a 50ml vial for later analysis.  
 
Figure 3.10 Lake water profile and sediment sample collection at Wattle Grove Lake. 
3.2.4 Sample Analysis 
 
Samples taken from the points mentioned in the previous section were analysed for 
physicochemical and biological parameters. The parameters, equipment/chemicals used for 
measurement, methods and importance are listed in Table 3.4. The analysis of these 
parameters provides a better understanding of the lake as a complete system as biological, 




Table 3.4 Parameters analysed, units of measurement, equipment used, and the methods followed. 
Parameter Unit of 
measurement 
Equipment Utilised Method  Importance 
















µs/cm HACH HQ40d and 
calibration standard/s 
 These physical 
characteristics 
will show the 
general quality 
of the water. 
They need to 
be tested to 
ensure they are 
within the 
guidelines. 





mg/L HACH HQ40d  
  
 
Temperature °C HACH HQ40d  
 
 
Turbidity NTU HACH 2100P Turbidimeter, 









Total Solids (TS) 
mg/L Filter, Filter Papers, Steam 

















the system.   
Nitrite N (NO2--
N) 
µg/L Gallery Automated 
Photometric Analyser-
Discrete Analyser, Filter, 
Reagents 
- Analysis of 
nutrients over 
time will show 












quality and the 
appearance of 




µg/L Gallery Automated 
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mg/L Filter, Shimadzu TOC-L 
Total Organic Carbon 
Analyser with TN analyser 









mg/L BOD bottles, autoclave, 
incubator, aerator, mixer, 
 
APHA 
Analysis of BOD 




Demand (BOD) HACH HQ 40d (2012) impact of 
issues such as 
decaying 
matter and 
algal blooms as 





3.2.4.1 Brief Description of parameters 
3.2.4.1.1 Chlorophyll-a 
 
Chlorophyll-a is a measure of the photosynthesising plants in water. It is a good indicator of 
algae growth in the system. A method mentioned in a study conducted by Pearson, Mara 
and Bartone (1987) was used as it is considered to give accurate results with ease of 
determination. This was later replaced by the method mentioned in APHA (2012). 
3.2.4.1.2 Electrical Conductivity, Dissolved Oxygen, pH, and Temperature 
 
EC, DO, pH, and temperature were measured on site with the HACH HQ40D device (shown 
in Figure 3.11). The probes were washed with ultrapure water between each sample for EC, 
DO, and temperature, and with tap water for pH. Calibration for electrical conductivity and 
pH were done before each set of samples. Calibration for dissolved oxygen was also done 





Figure 3.11 HACH HQ 40d device for measuring temperature, electrical conductivity, pH and dissolved oxygen. 
3.2.4.1.3 Turbidity 
 
Turbidity is a measure of the clearness of water. It is impacted by amount of suspended 
particles present in the water. HACH 2100P was utilised to measure the turbidity (shown in 
Figure 3.12). This device functions on the nephelometric principle of measurement (HACH). 
The device was calibrated with standard solutions (<0.1, 20, 100, and 800 NTU) prior to each 
use to avoid errors in the results.  The vials used were washed with ultrapure water 
between each sample. 
 




3.2.4.1.4 Total solids and total suspended solids 
 
Total solids consist of total suspended and dissolved solids. These parameters are impacted 
by the composition of the runoff in addition to existing aquatic organisms/particles such as 
algae, plankton and sediments. The standard methods for analysing these parameters were 
used (APHA 2012). For total solids, beakers were dried at 105°C, cooled in a desiccator and 
weighed. A volume of 200ml of sample was evaporated using a water bath, further dried 
using an oven, and cooled in a desiccator. The final weight was measured and subtracted 
from the original weight. Total suspended solids was measured by filtering 200ml of sample 
through a pre-weighed 0.7µm filter paper, drying the filter paper, then subtracting the final 
weight with the initial weight.  
 
3.2.4.1.5 Nitrite-N, Nitrate-N, Ammonium-N, Nitrogen oxides, and Phosphate-P  
 
Phosphate-P (PO4-P), Nitrite (NO2-N), Ammonium (NH4-N) and Nitrogen oxides (NOx-N) are 
nutrients that are present in water. In excess amounts, they have the ability to cause algal 
blooms. To measure these nutrients, the samples were filtered with 0.45μm filter paper. 
The pH was adjusted to approximately 7. The samples were poured into 2 ml sample cups 
and placed in racks. They were then placed into the Gallery Automated Photometric 
Analyser (shown in Figure 3.13) in conjunction with the appropriate reagents to be 
examined. Calibration for each parameter was done prior to analysis of each set of samples. 






Figure 3.13 Gallery Automated Photometric Analyser to measure nutrients. 
3.2.4.1.6 Total Phosphorus and Total Nitrogen 
 
Nitrogen and phosphorus in excess can lead to issues such as eutrophication and decrease 
in dissolved oxygen. The persulfate digestion method was utilised to measure the total 
nitrogen and total phosphorus. A digestion solution containing sodium hydroxide and 
potassium persulfate was used (APHA 2012). Oxidation of nitrogen compounds occurs in 
alkaline conditions. Oxidation causes the nitrogenous compounds to NOxN. Oxidation of 
phosphorus compounds occurs in acidic conditions to PO4P. Initially, the pH of the sample is 
alkaline. In the final stages, the sodium hydroxide is used and therefore the sample turns 
acidic. This allows for the oxidation of both nitrogen and phosphorus compounds.  Along 
with samples, calibration standards were also digested to make a matrix solution. After 
digestion occurred, the samples were filtered using 0.45µm filter paper. The samples were 
poured into 2 ml sample cups and placed in racks. They were then placed into the Gallery 
Automated Photometric Analyser in conjunction with the appropriate reagents to be 
examined. 
3.2.4.1.7 Dissolved Organic Carbon  
 




matter. To analyse DOC, samples were filtered using 0.45μm filter paper. If the samples 
were not analysed on the day of collection they were preserved by adjusting the pH to less 
than 2 with sulphuric acid. The samples were analysed utilising the Shimadzu TOC-L machine 
(shown in Figure 3.14). Calibration was done periodically to ensure accuracy.  
 
Figure 3.14 Shimadzu TOC-L  Analyser for dissolved organic carbon. 
3.2.4.1.8 Biochemical oxygen demand 
 
Biochemical oxygen demand (BOD) is used to analyse the amount of oxygen that is 
consumed if organic matter is oxidised by microorganisms and bacteria. The standard 






3.2.5 Soil and Sediment Analysis 
 
Stormwater systems are impacted by catchment area as rain water passes through various 
surfaces before reaching the final water body. It is important to explore the soil type, 
nutrient and cation content. This will explain the levels of pollutants found in lakes. This 
section aims to answer the following research objective: 
To evaluate the impact of catchment characteristics including soil composition and size on 
water quality at each site. 
From each catchment area, five surface soil samples were taken to analyse for nutrients, 
cations and to classify the types of material in the soil. The sampling points are shown in 
Figure 3.15 and Figure 3.16. These points were chosen as they are spread across the 
catchment area for each site. The soil sample locations are summarised in Table 3.5. 
Samples of sediments were taken at each lake on a seasonal basis (locations indicated by 
the blue dots in Figure 3.2 and Figure 3.4). Three samples were taken at each lake and 
combined to form one sample per lake.  
Table 3.5 Location of soil sampling points. 
 Wattle Grove Points Woodcroft Points 
1 Colo Ct Creek Opp. Lake 
2 WGL Bubblers Community Hall near Lake 
3 Fernleaf Ct Near GPT 
4 Corryton Park Woodcroft Field 






Figure 3.15 Soil sampling points for Woodcroft. 
1









Figure 3.16 Soil sampling points for Wattle Grove. 
3.2.5.1 Brief Description of parameters 
3.2.5.1.1 Calcium, Iron, Magnesium, Potassium, Sodium 
 
For the purpose of measuring cations in soil and sediment, samples were digested. To digest 
samples, 0.5g of soil sample was measured and added to a digestion tube. Concentrated 
nitric acid and hydrochloric acid were added to the digestion tubes and digested using the 
digestion block (shown in Figure 3.17). After digestion, 3% nitric acid was added to the 
digested sample and made up to 50mls. The samples were then filtered using 0.45µm filter 
















Figure 3.17 Digestion of soil samples from Wattle Grove. 
3.2.5.1.2 Total Nitrogen and Total Phosphorus 
 
To measure total nitrogen and phosphorus, 0.5g of soil/sediment was digested using copper 
sulfate, sodium sulfate and concentrated sulfuric acid. During digestion, the nitrogen is 
converted into ammonium (NH4) and phosphorus into phosphate (PO4) Transfer the 
digested soil into a 250ml volumetric flask and make up volume to 250ml. After mixing, filter 
the diluted sample using 0.45µm filter paper and measure using Gallery Automated 
Analyser.  
3.2.5.1.3  Soil Classification 
 
To categorise the soil according to particle size, sieving and a hydrometer test was 
conducted. A composite sample from each location was analysed. A total weight of 200g 
was sieved through 4.75, 2.36, 1.18, 0.6, 0.425, 0.3, 0.15 and 0.075 mm sieves (shown in 
Figure 3.18).  The sample remaining in the pan was used for the small particle analysis using 
the hydrometer. The weight of the sample in the pan was measured. Using a 1L measuring 
cylinder, the sample was mixed with water and dispersing agent (100ml), made up to 1L, 
and inverted.  The hydrometer reading was taken at 0.5, 1, 2, 4, 8, 15, 30, 60, 240, 1440 and 
2880 minutes. The particle size distribution was then calculated and graphed. The soil was 






Figure 3.18 Sieving of soil samples to determine composition. 
3.2.6 Particle Size Analysis 
 
Particle Size Distribution (PSD) of lake water samples was analysed to observe the varying 
particle sizes in the two sites. Zetasizer and Mastersizer were used for the purpose of 
measuring the PSD.  
To analyse using the Zetasizer (shown in Figure 3.19), samples had to be filtered using a 
fiberglass filter paper with pore size of 0.7µm. The sample was then poured into a vial to be 
placed into the machine for analysis. Once placed in the Zetasizer, the device measured the 
settling of the particles to determine the particle size distribution for particles less than 
0.7µm.  
The Mastersizer (shown in Figure 3.20) was utilised to measure the PSD for particles sized 
smaller than 1mm. For analysis, approximately 1L of sample was required. The device fed 





Figure 3.19 Zetasizer to measure particle size distribution for particles smaller than 0.7µm. 
 




3.2.7 MUSIC Modelling for design characteristics  
 
It is important to understand the dynamics of water inflow, storage and discharge in urban 
lakes to assist in wetland designing and their performance evaluation. A greater 
understanding is required to come up with lake and wetland system design that will ensure 
maximum efficiency for removal of pollutants. Comparison of the pollutant load estimated 
using the actual water quality analysed in the study with the one determined using MUSIC 
modelling will give some indication on the modelled conditions versus the actual conditions 
As stormwater modelling is an important step in the design process of urban lakes, models 
were made to represent the catchment area and the lake. Stormwater modelling was done 
using MUSIC software as councils generally use this program for their catchment modelling 
purposes. The aim was to understand the quantity of water that is collected from the 
catchment area. Modelling would also give an approximate representation of the annual 
load of nutrients and total suspended solids at each site. The efficiency of the lake systems 
can be roughly estimated by comparing the values computed by MUSIC with the values 
obtained through water quality monitoring.  
The MUSIC models for Wattle Grove and Woodcroft are illustrated in Figure 3.21 and Figure 
3.22 respectively. The catchment pervious percentages and areas were obtained from an 

















3.3 Results and Discussion 
 
For over a year, bimonthly samples were taken at Wattle Grove Lake and Woodcroft 
Wetland and Lake. As mentioned in the methodology, initially 5 and 8 sampling points were 
considered for Wattle Grove Lake and Woodcroft Lake and Wetland, respectively. Prior to 
fortnightly samples, samples were taken weekly to understand the general composition of 
the water. After statistical analysis, the points were decreased to 3 for Wattle Grove Lake 
and 6 for Woodcroft Lake and Wetland (the significance for each location was calculated 
using the p-test and points were decreased accordingly). The regular sampling set for each 
location is shown in Table 3.6. The samples collected are categorised according to seasons. 
Additionally, the stormwater inflow and outflow quality were investigated. A total of 16 and 
17 stormwater events were monitored at Wattle Grove and Woodcroft, respectively.  
Table 3.6 Sampling set for fortnightly samples at Wattle Grove Lake and Woodcroft Lake and Wetland. 


























sets of samples) 
12/09/2016 – 
30/11/2016 (6 




11/2/2015 – 26/2/2015 
(initial weekly sampling) 
13/12/16 – 18/02/2017 


















sets of samples) 
06/09/2016 – 
27/11/2016 (6 




3.3.1 Regular Water Sampling Results 
3.3.1.1 Seasonal Variation in Water Quality 
 
The ranges for different parameters according to site location are shown in and Table 3.8 
display the mean water quality parameter concentrations for each season at both locations, 
and the recommended ANZECC Guidelines values. 
In general, parameters such as dissolved oxygen, pH, and biochemical oxygen demand are 
within the guideline values. However, the rest of the water quality aspects are 
unacceptable. It can be seen that Wattle Grove Lake (WGL) is generally the highest in most 
cases. This may be attributed to the catchment size and also organisms in the lake such as 
carp. It is in the nature of carp to disturb the sediments in water bodies to search for food 
(Cahoon 1953; Lougheed, Crosbie & Chow-Fraser 1998; Miller & Crowl 2006; 
NSWGovernment 2014; Pinto et al. 2005). Therefore, the resuspension of sediments is a 
possible reason for the high turbidity at Wattle Grove Lake.  
It can be seen that the values for water quality parameters in Woodcroft Wetland (WCW) 
are higher than those for Woodcroft Lake (WCL). This indicates that the wetland does serve 
the purpose of retaining the nutrients and improving the water quality before the 
stormwater reaches the lake. This was also observed in a study conducted by Oberts and 
Osgood (1991). Although there is some improvement seen, the concentrations are still not 






Table 3.7 Summary of water quality parameters tested for Wattle Grove Lake, and Woodcroft Lake and Wetland for Summer and Autumn. ANZECC Guidelines for NSW (South-East Australia) are 
also included for comparison (- values not mentioned in the Guidelines).   





































(DO) (mg/L) 3.6 - 7.0 1.1 6.4 - 9.3 1.1 7.0 - 8.4 0.5 4.9 - 8.7 1.1 5.4 - 8.9 1.1 7.2 - 9.7 0.7 
6.5 – 8.5 
Turbidity (NTU) 
3.5 - 24 7.6 3.3 - 5.3 0.7 60 -111.8 15.5 1.0 - 28.5 6.1 1.5 - 15.2 3.1 
26.7 - 
108 23.5 
0 – 20 
Dissolved Organic 
Carbon (DOC) 
(mg/L) 7.8 - 14.0 2.2 5.6 - 8.0 1.1 5.0 - 8.1 1.0 5.9 - 16 1.6 5.8 - 10.9 1.6 6.2 - 8.3 0.6 
- 
NOx - N (µg/L) 


































Total Nitrogen (TN)  
(µg/L) 
944 - 

























(mg/L) 2.0 - 6.6 1.9 0.9 - 2.9 0.8 3.0 - 5.6 0.9 1.2 - 6.8 1.9 0.9 - 5.1 1.3 1.2 - 5.4 1.4 
- 
Total Suspended 
Solids (TSS) (mg/L) 10 - 353 122.6 1.3 - 66.0 21.1 
26.0 - 
166.7 47.9 0 - 51.5 15.1 1 - 172 43.7 12 - 86.7 22.8 
- 
Total Solids (TS) 
(mg/L) 
225 - 
1375 401.8 120 - 282 54.6 95.7 - 540 141.8 35 - 730 194.9 88 - 544 98.5 128 - 270 38.9 
- 





Table 3.8 Summary of water quality parameters tested for Wattle Grove Lake, and Woodcroft Lake and Wetland for Winter and Spring. ANZECC Guidelines for NSW (South-East Australia) are 
also included for comparison (- values not mentioned in the Guidelines).   
Season Winter Spring 














] 6.7 - 
8.2 






317.5 254.2 - 
288.4 
31.0 130.9 - 
207.6 
25.5 287 - 
1339.5 
363.8 280.5 - 
336.5 







1.5 7.1 - 10.4 0.9 7.5 - 10.7 0.9 5.0 - 9.8 1.7 6.6 - 9.9 1.1 6.7 - 8.2 0.6 6.5 – 8.5 






2.8 4.7 - 7.1 0.8 5.1 - 8.1 1.0 5.5 - 
11.9 
2.2 5.3 - 5.9 0.2 5.2 - 6 0.3 - 
NOx - N (µg/L) 57.5 - 
458.5 
137.7 145 - 
377.3 
68.2 217.4 - 
533.7 
90.3 33.5 - 
367.3 
145.3 5.9 - 285 116.7 71.3 - 
479.6 
192.2 10 




291.3 51.1 - 
278.8  
59.3 21.2 - 
252.2 
58.7 99.5 - 
1103.0 
388.2 19.5 - 
73.6 
388.2 29.1 - 
137.3 
45.2 10 




167.9 2.7 - 
162.3 
50.9 2.7 - 251.8 74.3 42 - 
311.5 
94.5 22 - 
160.8 
51.3 5.3 - 92 33.3 5 
Total Nitrogen 
(TN)  (µg/L) 
580.5 - 
8570.5 
1928.2 619.5 - 
2907.2 
749.2 495 - 
1573.4 
380.5 889 - 
1361 
202.9 196.3 - 
983.2  







419.9 188.8 - 
1370.5 
458.3 120 - 2069 656.4 371.5 - 
1745.5  
553.4 151.2 - 
1764.5 










3.5 - 17 4.4 3.8 - 45.7 11.6 1 - 34.3 11.8 5.0 - 
48.0 
16.9 3.4 - 23 6.8 7.6 - 
55.7 
17.4 - 




165.0 78.4 - 
1995.3 
473.2 84 - 200 36.9 173.5 - 
828.5 
222.3 144 - 
211.8 






Turbidity in Wattle Grove Lake has not been within the allowable range (Figure 3.23). The 
ANZECC Guideline level is identified by the red line. The main reasons for high turbidity may 
include large population of carp that causes the resuspension of sediments (which is also 
observed by other researchers: (Cahoon, 1953, Lougheed et al., 1998, Miller and Crowl, 
2006, Pinto et al., 2005)), higher temperatures that cause evaporation which lead to murky 
water and algal bloom due to the presence of nutrients and sunlight.  Rainfall after an 
extended dry period may also impact turbidity levels as pollutants from the roads and other 
surfaces are adsorbed by runoff enter the lake. Additionally, since construction, Wattle 
Grove Lake not been de-silted and this may have caused the consistently high turbidity. 
Ideally, sediments should be removed every 5 to 10 years (Hunt & Lord 2006). With respect 
to Woodcroft Lake, the turbidity levels are consistently low regardless of the seasonal 
variations. This may be due to the difference in soil and catchment characteristics. As shown 
in Table 3.1, the catchment size for Woodcroft Lake is almost half of that of Wattle Grove 
Lake.  
 
Figure 3.23 Seasonal variation for turbidity. The ANZECC Guideline limit is portrayed by the red line.  
The dissolved oxygen (DO) shown in Figure 3.26 is maintained at a satisfactory level at 
Wattle Grove Lake, probably due to the use of aerators and the fountains installed by 
Liverpool City Council. As seen in Figure 3.27, higher temperature caused a decrease in DO 
in both the locations. This was also observed by Rangel-Peraza et al. (2012). This could be 
attributed to two reasons. Firstly, saturation of DO reduces with increase in water 



























which in turn reduce the DO concentration in the water. The DO at Woodcroft Lake is 
satisfactory, however at the wetland, during warmer weather, the DO is low. Algal activity 
was observed in the wetland and is illustrated in Figure 3.24. Decrease in DO with 
temperature appears to be pronounced in the case of Wattle Grove Lake. This is consistent 
with the observation made under turbidity. In the case of Wattle Grove Lake, in summer 
conditions, algal blooms were observed during sampling (Figure 3.25), which resulted in 
higher turbidity. The algal bloom is associated with the death of algae which in turn increase 
the bacterial activity in the water. This in turn results in the decrease of dissolved oxygen at 
higher temperatures. The algal bloom was not observed in Woodcroft Lake. The reason 
behind this may be attributed to the depth of the lake. As shown in Table 3.1, the depth of 
Woodcroft Lake is significantly higher than that of Wattle Grove Lake. 
 





Figure 3.25 Algae observed near the outlet of Wattle Grove Lake. 
 
Figure 3.26 Seasonal variation of dissolved oxygen. The ANZECC Guidelines recommended range is portrayed using 
































Figure 3.27 Relationship between temperature and dissolved oxygen for samples taken at Wattle Grove Lake and 
Woodcroft Lake and Wetland. 
Results show that the EC is higher during warmer seasons which may be due to evaporation 
that causes an increase in the concentration of salts in the water. This is seen in Figure 3.28. 
The allowable range indicated in ANZECC Guidelines is shown using the red lines. Water in 
Woodcroft Lake, particularly, shows relatively higher EC. This may be attributed to soil 
characteristics within the lake as the lake was once a site for brick quarry, as well as the 
design of Woodcroft Lake.  Additionally, as mentioned seen in Section 3.3.4, the soil 
composition within Woodcroft Lake catchment contains higher concentrations of salts in 
comparison to Wattle Grove Lake catchment. The Woodcroft Lake is designed as an 
equalisation basin. As a result, the water in the lake has a very long detention time. 
However, there is reduction seen in between the wetland and the lake, which indicates the 
ability for the wetland to improve water quality.  
WGL: y = 0.0142x2 - 0.7633x + 17.596 
R² = 0.7118 
WCW: y = 10.155e-0.023x 
R² = 0.2757 
WCL: y = 8.9371e-0.008x 




































Figure 3.28 Seasonal variation for electrical conductivity. The ANZECC Guideline limit is portrayed by the red line. 
Total suspended solids (TSS) is a parameter that is not explored to a great depth in the 
ANZECC Guidelines. However, TSS is an important parameter that will define the aesthetic 
value of the water body. As such it is an important parameter as far as the water quality of 
the lake is concerned. It was found that in general, warmer seasons had higher TSS (as seen 
in Figure 3.29). This may be attributed to evaporation during the warmer weather and 
limited rainfall causing a flush of pollutants into the systems.   
 
Figure 3.29 Seasonal variation of Total Suspended Solids. 
The allowable concentration of total nitrogen according to ANZECC Guidelines is 350µg/L. 






































































the concentration is consistently higher than the allowable level. It is particularly high in 
autumn for Woodcroft sampling points and summer for Wattle Grove. ANZECC Guidelines 
indicate an allowable value of 10µg/L for total phosphorus. Phosphorus appears to be 
particularly high in spring (Figure 3.31). Reduction in the concentration of nutrients is seen 
between the wetland and Woodcroft Lake which indicates the improvement of water 
quality through the Woodcroft Lake system. This improvement was also observed in other 
studies (Cui, Yuan & Wang 2011; Greenway 2010; Greenway & Woolley 1999; Martín et al. 
2013; Oberts & Osgood 1991). 
 
Figure 3.30 Seasonal variation of total nitrogen.  
 





































































3.3.1.2 Temporal and rainfall impact on urban lake water quality 
 
Figure 3.32 illustrates the temporal variation in the parameters dissolved oxygen and 
biochemical oxygen demand for samples taken at Wattle Grove Lake. The rainfall from the 
nearest station (Holsworthy Aerodrome) is also shown. It can be seen that there is a 
correlation between temperature and dissolved oxygen; as the temperature increases, 
there is a decrease in dissolved oxygen (DO). This is observed in both 2015 and 2016-17.  
 
Figure 3.32 Temperature, dissolved oxygen, biochemical oxygen demand and rainfall for Wattle Grove Lake. 
Figure 3.33 illustrates the temporal variation in the parameters dissolved oxygen and 
biochemical oxygen demand for samples taken at Woodcroft Lake. The rainfall from the 
nearest station (Rooty Hill) is also shown. Similar to Wattle Grove Lake, Woodcroft also has 
a similar relationship between temperature and dissolved oxygen. The rainfall does not 























































WGL Temperature, DO and BOD 





Figure 3.33 Temperature, dissolved oxygen and biochemical oxygen demand and rainfall for Woodcroft Lake. 
Figure 3.34 illustrates the temporal variation in the parameters electrical conductivity and 
turbidity for samples taken at Wattle Grove Lake. It can be seen that heavy rainfall causes 
the turbidity to decrease. The suspended solids and colloidal particles in the water are 
diluted with the excess rainfall. Additionally, as temperature decreases, so does turbidity. 
This may be a result of decreased in algal activity during colder seasons. Turbidity at Wattle 
Grove Lake has rarely been within the range mentioned in the ANZECC Guidelines. Electrical 
conductivity varies between 77 and 230 μS/cm. It is not within the range specified in the 
ANZECC Guidelines. Figure 3.35 illustrates the temporal variation in the parameters 
electrical conductivity and turbidity for samples taken from Woodcroft Lake. Electrical 
conductivity at Woodcroft Lake is consistently greater than 250 μS/cm. This may be due to 
the history of the area. Prior to the construction of the lake, the area was used as a clay 
quarry. Additionally, as shown in Figure 3.23, the turbidity is almost always within the 
guideline levels which may be attributed to the wetland used as a pre-treatment and the 
catchment characteristics. This improvement in turbidity was also observed by Hathaway 
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Figure 3.34 Temperature, electrical conductivity (0-20µS/cm), turbidity (0-20 NTU) and rainfall for Wattle Grove 
Lake. (ANZECC Guidelines provided in the parentheses) 
 
Figure 3.35 Temperature, electrical conductivity (0-20µS/cm), turbidity (0-20 NTU) and rainfall for Woodcroft Lake.  
Figure 3.36 and Figure 3.37 display the temporal variation in the total nitrogen levels for 
samples taken at Wattle Grove Lake and Woodcroft Lake, respectively. Both lakes generally 
have nutrient levels greater than the allowable concentrations mentioned in ANZECC 
Guidelines. It appears that extended period of heavy rainfall decreases the nutrient 
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WCL Temperature, EC and Turbidity 
Rainfall (mm) Temperature (°C)





Figure 3.36 Temporal variation in total nitrogen for samples taken at Wattle Grove Lake. 
 
Figure 3.37 Temporal variation of total nitrogen for samples taken at Woodcroft Lake. 
The relationship between temperature, turbidity and total nitrogen for Wattle Grove Lake is 
shown in Figure 3.38. It can be seen that there is a polynomial relationship in both cases. As 
the turbidity increases, there is an increase seen in total nitrogen also. This can be 
attributed to the algal blooms seen during warmer weather which is indicated by the same 
trend seen between turbidity and temperature. The significance of this trend is not seen to 
































































































Figure 3.38 Turbidity against temperature and total nitrogen for samples taken at Wattle Grove Lake. 
 
Figure 3.39 Turbidity against temperature and total nitrogen for samples taken at Woodcroft Lake. 
Although the same polynomial trend is seen at all locations, the significance of the R2 is not 
the same for Woodcroft as it is for Wattle Grove Lake. This may be attributed to 
characteristics such as soil quality, catchment properties and system design. 
Total Nitrogen: 
y = 0.4929x2 - 27.057x + 1198.6 
R² = 0.5314 
Temperature:  
y = -0.0004x2 + 0.1362x + 12.781 







































TN WGL Temp WGL Poly. (TN WGL) Poly. (Temp WGL)
Total Nitrogen: 
y = 50.141x2 - 531.89x + 2916.5 
R² = 0.1994 
Temperature: 
y = 0.0875x2 - 2.2356x + 28.309 
















































3.3.1.3 Constructed Wetland 
 
Figure 3.40 illustrates the temporal variation in the parameters dissolved oxygen, dissolved 
organic carbon and biochemical oxygen demand for samples taken at Woodcroft Wetland. 
The rainfall from the nearest station (Rooty Hill) is also shown. Similar to Wattle Grove Lake 
and Woodcroft Lake, the temperature and the dissolved oxygen share the same 
relationship. The biochemical oxygen demand (BOD) varies more than the other two sites. 
This may be attributed to the design characteristics of the wetland. The wetland is shallower 
than the lakes. Additionally, the conditions of the wetland allow for growth of algae and 
other bacterial colonies in the water. This may have contributed to the significant variations 
in the dissolved organic carbon levels.  
 
Figure 3.40 Temperature, dissolved oxygen, dissolved organic carbon, biochemical oxygen demand and rainfall for 
Woodcroft Wetland. 
Figure 3.41 shows the temporal variation for turbidity and electrical conductivity for 
samples taken at Woodcroft Wetland. Electrical conductivity fluctuates significantly 
throughout the year during the sampling in 2016-17, however, during the 2015 sampling 
period, it appeared to be steady. EC in the lake water appeared to be strongly related to the 
rainfall evaporation, which could be reason for large fluctuations during 2016-17. Turbidity 
although mostly within the guidelines, follows a similar trend of temperature which is seen 
from June 2016 to the end of analysis. Varying turbidity may be due to the increased 
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ideal conditions for algal growth, the wetland has eutrophication that is seen on a regular 
basis. This algal growth has been observed in many instances. Figure 3.24 illustrates the 
algal growth observed during a sampling event.  
 
Figure 3.41 Temperature, electrical conductivity, turbidity and rainfall for Woodcroft Wetland. 
As can be seen in Figure 3.42 there appears to be little variation in the TN compared to the 
period in 2015. This may be attributed to the renewal program that was undertaken by BCC 
in June/ July 2016, during which the wetland was maintained by removing the weeds and 
replanting some of the wetland vegetation (Figure 3.43). It appears that the renewal of 
wetland has affected the TN values in the Woodcroft Lake as well (Figure 3.37). As can be 
seen in Figure 3.37, the TN values in Woodcroft Lake appear to be consistently low post 
wetland renewal period. This emphasised the need for regular maintenance for ongoing 
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Figure 3.42 Temporal variation of total nitrogen for samples taken at Woodcroft Wetland (ANZECC Guideline for 
TN is 350µg/L). 
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3.3.2 Depth Analysis 
 
Depth analysis was conducted each season to investigate thermal stratification in both 
systems. Samples were analysed for temperature, dissolved oxygen, turbidity and electrical 
conductivity.  
 
During summer, in both locations, turbidity showed an increase as the depth increased 
(shown in Figure 3.44 and Figure 3.45). This is potentially due to the resuspension of 
sediments. This trend was also observed in the study conducted by Walker (2012). The other 
parameters were consistent at Wattle Grove Lake. Dissolved oxygen showed a decrease at 
the 2m mark at Woodcroft Lake. Woodcroft Lake is deeper than Wattle Grove Lake. The 
decrease in dissolved oxygen can be attributed to lack of mixing in the lake that further 
leads to stratification.  
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Figure 3.45 Summer depth sampling results for Woodcroft Lake. 
Wattle Grove Lake showed minimal stratification during autumn (Figure 3.46). Only very 
minor to no fluctuations were observed. For Woodcroft Lake, autumn had major 
fluctuations in turbidity and dissolved oxygen (Figure 3.47). The increase in turbidity could 
be caused by the sediments being resuspended by organisms such as carp. However, the 
concentration is still acceptable according to ANZECC Guidelines. Similar to summer, 
dissolved oxygen decreased with increase in depth which could be due to lack of mixing and 
general relationship between oxygen and temperature. This trend was also seen in a study 
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Figure 3.46 Autumn depth sampling results for Wattle Grove Lake. 
 
Figure 3.47 Autumn depth sampling results for Woodcroft Lake. 
There are fluctuations in turbidity and electrical conductivity at both locations in winter 
(shown in Figure 3.48 and Figure 3.49).   Electrical conductivity increases in Wattle Grove 
Lake at a depth of 1.5m, whereas it decreases at Woodcroft Lake at a depth of 2m. 
However, at both locations, the electrical conductivity is not within the range mentioned in 
ANZECC Guidelines. Turbidity decreased at Wattle Grove Lake and increased at Woodcroft 
Lake as depth increased. Decrease in turbidity was observed in cooler months at Wattle 
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Figure 3.48 Winter depth sampling results for Wattle Grove Lake. 
 
Figure 3.49 Winter depth sampling results for Woodcroft Lake. 
Minor stratification was observed at Woodcroft Lake (Figure 3.51). The turbidity and 
dissolved oxygen levels had some variation. Wattle Grove had consistent values for 
temperature and dissolved oxygen but had some variation in the turbidity and electrical 
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Figure 3.50 Spring depth sampling results for Wattle Grove Lake.  
 
Figure 3.51 Spring sampling results for Woodcroft Lake.  
3.3.3 Analysis of Water Quality during Storm Events  
 
A total of 16 and 17 stormwater events were monitored at Wattle Grove Lake and 
Woodcroft Lake, respectively. The details of storm event sampling are shown in Table 3.9. 
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through the system. As these lakes were designed to improve the water quality through 
extended detention times and sedimentation, it is essential that the efficiency is explored.  
Table 3.9 Storm event details for samples taken at Wattle Grove Lake and Woodcroft Lake and Wetland. 
Date of storm 




Date of storm 
event/sampling at 
Woodcroft 
Rainfall near Woodcroft (mm) 
4/08/2016 18 6/06/2016 169 
24/08/2016 40.2 19/06/2016 23.9 
2/09/2016 7.8 8/07/2016 11.4 
18/09/2016 9.2 20/07/2016 41.7 
7/12/2016 12 5/08/2016 7.4 
17/12/2016 28.4 24/08/2016 34.5 
6/01/2017 32.4 2/09/2016 27.7 
7/02/207 24.8 18/09/2016 12 
1/03/2017 10.4 17/12/2016 47.8 
2/03/2017 16.4 6/01/2017 7.4 
15/03/2017 33 28/02/2017 32.5 
22/03/2017 18.2 2/03/2017 14.2 
30/03/2017 33.2 14/03/2017 62 
7/06/2017 50.2 30/03/2017 25.4 
31/07/2017 8.6 7/6/2017 51.3 
3/08/2017 13.4 31/07/2017 6.6 
  3/08/2017 6.9 
 
3.3.2.1 Comparison of stormwater quality between the two catchments 
 
The inlet stormwater quality is compared between the two catchments in Figure 3.52 and 
Figure 3.53. It can be seen that the turbidity and total suspended solids (TSS) levels are 
significantly higher in Wattle Grove than in Woodcroft. It can be seen that the concentration 
of turbid causing material entering Wattle Grove Lake is almost double that is entering 
Woodcroft system. This indicates that the Wattle Grove catchment contributes relatively 
higher amounts of turbidity and suspended solids. As shown in Figure 3.53, it was found that 




all seasons. Total phosphorus was found to be generally in the same range apart from 
summer.  
 
Figure 3.52 Inflow levels for turbidity and total suspended solids. 
 
Figure 3.53 Inflow levels for total nitrogen and total phosphorus. 
Water samples were taken at both locations and analysed using Zetasizer and Mastersizer. 
Zetasizer measures particle size under 0.7µm. Figure 3.54 illustrates the % volume of 
particles under 0.7µm for the Wattle Grove Lake and Woodcroft Lake. It can be seen that 
Wattle Grove has a higher percentage of small particles than Woodcroft. This might be a 
cause for the higher turbidity in the water at Wattle Grove Lake. Particle size distribution of 


































































































































attributed to the catchment size draining into the two systems. Wattle Grove Lake has a 
catchment size of 95 ha whereas the catchment size of the Woodcroft system is 53 ha (as 
mentioned in Table 3.1). The volume entering the system is larger and therefore has more 
concentration of suspended solids which is indicated in the inlet results. The impact of the 
catchment area size difference is also described in the MUSIC results in which Wattle Grove 
had almost double the amount of total suspended solids than Woodcroft.  
 
Figure 3.54 Particle size distribution for particles less than 0.7µm at Wattle Grove and Woodcroft Lakes. 
Figure 3.55 displays the particle size distribution for particles between 1 µm and 1mm. 
Miguntanna et al. (2010) found that particles sized between 70 to 150 µm had the highest 
pollutant loadings, which is seen at the Wattle Grove Lake. Results from the Woodcroft 
system are generally lower than Wattle Grove which indicates the ability for the wetland to 


























Figure 3.55 Particle size distribution for particles less than 1mm at Wattle Grove and Woodcroft Lakes. 
 
3.3.2.2 Comparison of performance of wetland and urban lake system with the stand alone 
urban lake 
 
Figure 3.56 shows the turbidity for the inlets and outlets for the lakes and wetland. One of 
the factors that is contributing to the high concentration of turbidity causing material in WG 
lake may be attributed to the size of the catchment which is about 2 times the size of WC 
lake catchment. Moreover, the outlet of Wattle Grove Lake has turbidity almost 50% higher 
than the inlet of Wattle Grove Lake which indicates resuspension of sediments and/or algal 
growth and potential leaching of groundwater. This increase in turbidity after a storm event 
is also seen in the study conducted  by Walker (2012).  However, it is still apparent that the 
outlet at Woodcroft has the lowest turbidity which indicates the lake and wetland improve 
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Figure 3.56 Turbidity levels at inlets and outlets for both lakes. 
Figure 3.57 shows the total suspended solids for the inlet and outlets for both lakes. For all 
seasons Woodcroft Lake shows improvement in TSS values between the inlet and outlet (up 
to 70% reduction). This was also observed in a study conducted by Hathaway and Hunt 
(2010). On the other hand, the TSS results for Wattle Grove Lake indicate that the inlet 
concentrations are consistently lower than those of at the outlet. This means that similar to 
the turbidity, the WGL is contributing to the suspended solids concentration in the outlet. 
The source for these suspended solids could be either from the resuspension of solids or the 
algal growth within the lake. Resuspension in the case of WGL is possible due to its relative 
shallow depth and potential carp activity near the outlet. As shown in Table 3.10, the 
average depth of WG lake is about half of WC lake. Further, the catchment size for Wattle 
Grove is almost twice the size of Woodcroft. This shows that there is more input to the lake 
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Figure 3.57 Total suspended solids at inlets and outlets for both lakes. 
The hydraulic retention times and surface area to volume ratios were calculated using the 
MUSIC output for flow for each location as described in Table 3.10. It can be seen that 
Woodcroft Lake system on an average allows for a total of up to 143 days of retention of 
stormwater, which is about 3.5 times that of Wattle Grove Lake. This promotes the 
sedimentation and UV irradiation leading to water quality improvements. Higher retention 
time combined with relatively lower surface area to volume ratio/higher depth is able to 
promote better settling of particles with minimum resuspension of solids. This could be 
reason for better lake water quality in the case of Woodcroft. 
Table 3.10 The calculated hydraulic retention times and surface area to volume ratios for all locations. 
 Hydraulic 
Retention (Days) 






Woodcroft Wetland 1.7 3.38 0.08 
Woodcroft Lake 143 0.33 3.44 
Wattle Grove Lake 39.4 0.64 1.62 
 
Figure 3.58 shows the variation in total nitrogen for samples taken at the inlet and outlet at 
both locations. There is a significant decrease in the TN concentration at Woodcroft Lake 
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by Greenway (2010). The TN at the outlet in Wattle Grove is often higher than the inlet. The 
reasons may be attributed to the presence of higher algal content in the lake as well as 
higher nitrogen content in the sediments (see Section 3.3.5). This interaction between 
nitrogen concentration in the lake and algal growth was observed in a study conducted by 
Xu et al. (2010).   
 
Figure 3.58 Inlet and outlet concentrations for total nitrogen at both lakes. 
Figure 3.59 displays the total phosphorus (TP) for samples taken after storm events at inlet 
and outlet at both locations. Reduction in TP is seen in Woodcroft Lake all seasons except 
for summer. Reduction of TP through the wetland systems is also seen in a study conducted 
by Martín et al. (2013).  There is a significant decrease seen in total phosphorus 
concentrations in Wattle Grove Lake for all seasons except spring.  However, the results are 
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Figure 3.59 Inlet and outlet concentrations for total phosphorus at both lakes. 
The average concentrations for pollutants from the inlet and outlet of each lake system 
from stormwater monitoring used for the load calculations are shown in Table 3.11. 
Table 3.11 Average inlet and outlet concentrations of pollutants (storm event samples). 
Pollutant Woodcroft Lake and Wetland Wattle Grove Lake 






Total Nitrogen, µg/L  1810 1276 1061 1150 1302 
Total Phosphorus, µg/L 594 661 579 755 382 
Total Suspended 
Solids, mg/L 
8 6 4 16 23 
 
The removal efficiencies calculated in MUSIC for Wattle Grove Lake, Woodcroft Wetland 
and Woodcroft Lake are shown in Table 3.12, Table 3.13 and Table 3.14, respectively. It can 
be seen that in an ideal condition, the Wattle Grove Lake system should remove up to half 
of the total suspended solids that enter the lake from the catchment. This is in addition to 
the 39.0% and 9.5% reduction in total phosphorus and total nitrogen, respectively. The 
Woodcroft Wetland ideally should reduce the TSS, TP and TN concentrations by 87.7%, 
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12.8% and 33% for TSS, TP and TN, respectively. The actual experimental reduction 
percentages are also included in the tables.  It can be seen that the Woodcroft Lake system 
ultimately reduces the pollutant concentrations. Significant reduction is observed in the TP 
concentrations in Wattle Grove Lake during rain events; however there is increase in TSS 
and TN which does not meet the MUSIC model reduction prediction. This may be attributed 
to the resuspension of sediments accumulated within the lake and algal blooms. 
Additionally, as the sediments have not been removed since the lake’s construction in 
1990s, it is recommended that sediments are removed every 5 to 10 years for optimal 
functioning of the system (Hunt & Lord 2006). Conversely, MUSIC models are primarily 
based on a study conducted by Duncan (1999). Catchment conditions and pollutant loadings 
have increased overtime; therefore MUSIC predictions are potentially overambitious for 
current conditions.  













































Table 3.13 Pollutant loads and removal efficiencies for Woodcroft Wetland with MUSIC model and experimental results. 
 
 
Table 3.14 Pollutant loads and removal efficiencies for Woodcroft Lake with MUSIC model and experimental results. 
 
 
3.3.4 Soil Analysis 
 
Soil samples were taken to understand the chemical and physical composition of the soil in 






































































samples from each location was made and soil classification was completed to understand 
the components within the soil in each area.  
 
Figure 3.60 Average iron, nitrogen and phosphorus concentrations of soil at Woodcroft and Wattle Grove catchment 
areas. 
Figure 3.60 shows the TN, TP and iron for samples within Woodcroft and Wattle Grove 
catchment areas. In a study conducted by Pouyat et al. (2007), it was found that soil 
collected in residential areas had an average total nitrogen concentration of around 
1,800mg/kg. The same study found that soil in residential areas had an average phosphorus 
concentration of 592mg/kg. It can be seen that iron concentration in the soil collected at 
Woodcroft Catchment area is almost 2,000mg/kg higher than the levels in soil collected in 
the Wattle Grove area. This is also seen in iron levels in the sediments collected at each lake. 
In the study conducted by Pouyat et al. (2007), it was found that residential areas had an 
average iron concentration of around 25,681mg/kg. This is significantly higher than the soil 
collected in Wattle Grove and Woodcroft. The high level of iron in Woodcroft may 
contribute to the lower turbidity as the iron may help in the settling of particles.  
Figure 3.61 and Figure 3.62 illustrate the calcium, potassium, magnesium and sodium 
concentrations from the soil samples taken at Wattle Grove and Woodcroft, respectively. It 
can be seen that sodium is low and calcium is high at both locations.  Woodcroft soil 
samples contained almost double the amount of cations than Wattle Grove. High electrical 
conductivity is observed in water samples taken within the Woodcroft system which may be 







































Figure 3.61 Calcium, potassium, magnesium and sodium concentrations in soil samples collected within Wattle Grove 
catchment area.  
 
Figure 3.62 Calcium, potassium, magnesium and sodium concentrations for soil samples collected within Woodcroft 
catchment area.  
3.3.5 Sediment Analysis 
 
On a seasonal basis, sediments were collected at both lakes (points illustrated in Figures 3.2 
and 3.4). The samples were taken each season. Nutrients and cations were analysed. It can 
be seen in Figure 3.64 that TN is highest at both locations in winter and lowest in autumn. 



































































the wettest season of that year. A total of around 324mm and 277mm were measured over 
the autumn period at rain stations located near Wattle Grove (Holsworthy Aerodrome AWS) 
and Woodcroft (Seven Hills (Radio FM 103.2)), respectively (BOM 2018). The total rainfall 
for 2017 was 698mm and 658mm for Wattle Grove and Woodcroft, respectively. This shows 
that almost half of the rainfall for both areas was during autumn which has results in the 
decreased accumulation of nutrients (both TN and TP) in the sediments.  
 
 
Figure 3.63 Total phosphorus for sediments collected at WGL and WCL. 
 





































Iron levels in the sediments are relatively higher in both lakes (Figure 3.65) compared to the 
one reported by Chelarescu et al. (2017). It is particularly high in Woodcroft for most 
seasons. The water in WCL is much clearer (low turbidity) than WGL. It is possible that the 
iron leaching from the soil aids in the settling of colloidal particles in the water at WCL. A 
study conducted by Chelarescu et al. (2017) investigated the sediments in saltwater lakes. 
One particular lake had an iron concentration of 39,093mg/kg. Woodcroft exceeds that level 
in most seasons.  
  
 































Main aims considered in this chapter were to investigate how the water quality of urban 
lakes is influenced by seasonal variation, design of urban lakes and other factors and 
understand the impact of catchment characteristics including soil composition and size on 
water quality at each site.  
This study indicates that the soil at both locations had high concentrations of nitrogen, 
phosphorus and iron. The poor quality of the water at both lakes may be attributed to the 
high concentrations of these elements in the soil. Additionally, analysis of sediments at the 
lake showed similar levels of cations and nutrients which indicate the interaction between 
the catchment characteristics and lake water quality.  
Wattle Grove Lake had consistently high values for TN and in most cases TP too. These 
trends are also seen with respect to other parameters too. The inlet water quality analysis 
showed that the inflow at Wattle Grove itself was turbid and contained suspended solids. 
Reduction in total phosphorus during storm events was observed, however, the 
concentrations were never within the ANZECC Guidelines. During the monitoring period, 
consistent high turbidity in the lake water was observed. The reasons for this high turbidity 
may be attributed to one or combination of below reasons: 
 Highly turbid stormwater entering the lake; 
 Possibility of groundwater containing colloidal particles entering the lake; 
 Under-designed in terms of low detention time and volume to surface area ratio 
which may be resulting in resuspension of colloidal particles (the sediments in 
Wattle Grove Lake have not been de-silted since its construction over 24 years ago); 
 Presence of carp in the lake; and 
 Incidences of algal bloom occurring particularly during spring and summer periods.  
The Woodcroft Lake water quality in terms of turbidity and suspended solids appears to be 
meeting the ANZECC Guidelines (2000). Presence of wetland has been very effective in 
preventing the entry of some of the solids and nutrients into the lake.  This would be 




However, with respect to other parameters, such as, electrical conductivity and nutrients, 
lake water quality is not meeting the guideline values set by ANZECC. Additionally, nutrients 
are generally higher than the recommended values. To improve the lake water quality in 
terms of these parameters, it is recommended that further monitoring is carried out on the 
effluent produced by the wetland. The wetland was renewed in June/July 2016. It is the 
right time to monitor the macrophytes regeneration within the wetland. Additional 
plantation may be required in the wetland.  
According to results obtained in this study, the wetland significantly improves the water 
quality of the urban lake. This is particularly true in terms of turbidity, total suspended solids 
and nutrients. Reduction percentages of up to 70 and 76% were observed for totals 
suspended solids and total nitrogen, respectively. However, as mentioned earlier, the 
nutrients are still not within the ranges mentioned in ANZECC Guidelines (2000). Thus 
further improvement in the design and performance of the wetland may be required. 
MUSIC modelling indicated the removal efficiencies calculated did not necessarily coincide 
with the actual loads measured. This may be attributed to the maintenance of the lakes. 
Additionally, MUSIC models are based on studies conducted in early 90’s which may cause 
the overestimation of removal capacities for these systems.  
Further research is needed with respect to soil characteristics and composition. Moreover, 
further research directed at groundwater leaching into lakes and soil composition in areas 
with different land uses is needed for the purpose of improving existing lake systems and 









Water is an essential resource that needs to be sustained for future generations. Urban 
lakes are increasingly being utilised for the purpose of storing and treating stormwater. 
Urban lakes and wetlands can serve the purpose of improving the wellbeing of visitors and 
provide an area for recreation, provided the area is maintained satisfactorily. The inclusion 
of urban lakes in residential estates has also been known to improve the property values 
(Walsh 2009; Wen, Bu & Qin 2014). If designed in an aesthetically pleasing manner, the 
systems can promote participation of the visitors in recreational activities (Villanueva et al. 
2015). Recreational activities include: walking, running, picnicking, and bird watching (Beal 
2007). Further, if equipment for exercise and other activities are provided, it would 
encourage physical activity (Apostolaki & Jefferies 2009). It will also promote 
communication and interaction between the visitors (Thompson 2002). Some studies have 
also shown the psychological benefits of interacting with nature (Berman, Jonides & Kaplan 
2008; Keniger et al. 2013). These systems are also home to many species of fauna and flora, 
and hence promote other activities such as photography (Waltham et al. 2014). Community 
members will regard the system as an asset if designed and maintained satisfactorily 
(Mitsch & Gosselink 2000). A few studies (Crase & Gillespie 2008; D’Souza & Nagendra 2011; 
Debo 1977; Walker et al. 2013) have been conducted to understand the attitudes and 
opinions of individuals within communities towards their local urban lake.  
The study conducted by Walker et al. (2013) aimed to link community well-being and a 
series of urban lakes in Queensland, Australia. Dillman’s Tailored Design Method (TDM) was 
utilised in the design of the surveys. The authors found that the residents have tangible 
(property value) and intangible (recreation, enjoyment, and a sense of 
community/belonging) benefits; however, they felt less responsible for the health of the 
lake. A similar study was conducted by Debo (1977), in which attitudinal surveys were 
completed by residents and other visitors to understand the perceived advantages and 




lakes do have a positive impact on the property prices, according to the residents. Waltham 
et al. (2014) also conducted surveys on community members who attended a meeting 
regarding their thoughts on the freshwater urban lake located in Queensland, Australia. It 
was found that respondents had a significant appreciation for the aesthetics of the lake. 
However, they also mentioned that the lake required better aquatic ecosystem and water 
quality management.   
No studies have been conducted regarding the community feedback on the lake/wetland 
system, especially in New South Wales, Australia. It is important that there is a clear picture 
of what the community want and need to be able to efficiently design future stormwater 
storage systems in urban residential areas. The main aim of this part of the study was to 




To get a better understanding of the opinions of the visitors of the lake and residents of the 
surrounding area, surveys were conducted. A Tailored Design Method refers to the 
customisation of a survey to ensure participation (Dillman 2014). A survey was designed to 
take into consideration aspects such as: quality of the lake/wetland, maintenance of the 
parkland, impact to the surrounding properties and other suggestions to improve the quality 
of the area. Ethics approval was provided by Western Sydney University’s Human Research 
Ethics Committee, approval number H11916. The surveys did not record any personal 
information.   The survey consisted of 30 questions that were multiple choice, scale, or short 
answers. Questions were broken down into 3 parts: household, lake system, and property 
details. The questions in the lake system section explored aspects related to water quality, 
property prices, and well-being. It took approximately 15 minutes to complete the survey.  
The complete questionnaire is attached in Appendix 3.  
Colourful images of the lake and associated parkland were used to design the survey to 
appeal to the community and to encourage them to complete the survey. A combination of 
surveying methods was used to get the most feedback from the community members, 
which included onsite surveys, an online link (using Google Forms link), and letter drop off 




participants who were visiting the lake. Only individuals over the age of 18 were 
approached. The surveys that were done in person allowed for respondents to provide 
more detailed and open-ended answers to the questions. Additionally, the respondents 
provided some suggestions and other feedback that were not a part of the prepared survey.  
Facebook was utilised as a platform to advertise the survey. Community pages for each site 
were contacted and asked for approval prior to posting a Google Form link for the survey. At 
both locations, surveys were left in letterboxes with a prepaid return envelope. In all the 
methods of data collection, the questions were completely voluntary and participants could 
choose not to answer any particular question. The summary of survey questions is shown in 
Table 4.1.  
Table 4.1 Summary of the survey questions 
Survey Sections Question types Example questions 
Household Multiple choice and 
short answer 
“How long have you been living in this area?”, 
“Are there any children in your household?” 
Lake System Multiple choice, 
ranges and short 
answer 
“In your opinion, in what way does the lake system 
influence property price in the area?”, “What 
rating would you give to quality of the water in the 
lake?”, “How much personal responsibility do you 
take for the lake regarding the general cleanliness 
of the area?”, “What kind of improvement would 
you like to see regarding the lake and the 
associated park area?”, “Are there any concerns 
regarding the lake/parkland on 
human/environmental health?” 
Property Details Multiple choice “How long do you have to travel to reach the 
lake?”,”What is the size of your backyard and 
front-yard (excluding the built-up area)?”  
 
Data collected from online survey were directly linked to Google Forms. On the other hand, 




entered into Google Forms, which compiled the responses and presented percentages and 
frequencies for each question. No other statistical analysis was carried out. 
4.3 Results and Discussion 
 
4.3.1 Respondent Demographics 
 
A total of 93 surveys were completed in the two locations. It was found that the 
respondents from the Wattle Grove suburb resided in that area from as little as 1 year up to 
27 years. In both locations 60% of households had children. In Woodcroft, the duration of 
stay ranged from 2 weeks to 40 years.   Selected questions and their responses are 
discussed in the sections below. The responses to all questions are provided in the Appendix 
1 and 2. 
4.3.2 Respondents view on water quality and property prices 
 
It can be seen in Table 4.1 that 65% of respondents at Wattle Grove and 70% of respondents 
at Woodcroft believed that their respective urban lakes did have some impact on their 
decision to live in the area. This may be attributed to the facilities provided in the landscape 
and the design of the parkland which allows for recreational activities for visitors of all ages, 
a view of the lake, and an access to nature. A study conducted by Debo (1977) had a similar 
finding for man-made lakes in which the respondents from a study site felt that the lake had 
a major impact in the decision to purchase a home in the area. This aspect illustrates the 






Figure 4.1 Respondents view of the impact of the local lake on their decision to live in the area. (Wattle Grove Lake: 
WGL, Woodcroft Lake: WCL) 
As shown in Figure 4.2, about 72 to 83% of respondents from both areas agree that the lake 
has a positive impact on the property price. This is perceived as a tangible benefit for 
residents. This trend was also seen in the study conducted by Walker et al. (2013). As 
mentioned previously, the view and ease of access to the lake may also impact the property 
price. Green infrastructure is seen as an asset as it may increase the opportunity to improve 
physical and mental wellbeing (Berman, Jonides & Kaplan 2008; Keniger et al. 2013; 
Richardson et al. 2013). In the Wattle Grove area, a small percentage of residents believed 
there was a negative impact. Their reasoning was due to lack of maintenance of the 
lake/parkland area and occasional lower water quality. On the other hand, relatively higher 
percentage of respondents at Woodcroft Lake said no impact, which may be attributed to 

































Figure 4.2 Respondents view of the impact of the local lake on the property prices in the area. 
75 % of Wattle Grove respondents stated that the water quality impacts on the property 
value as against 67% of Woodcroft (Figure 4.3). The water quality in Wattle Grove Lake is 
characterised by the presence of relatively high turbidity (Natarajan, Hagare & Maheshwari 
2017). This could be the reason for higher percentages of Wattle Grove residents expressing 
the concern on the impacts of water quality on the property values. Additionally, 
community members from Wattle Grove area were more aware of the water quality of the 
lake and therefore the impact was seen as more severe. This was observed during the onsite 
surveys. It was interesting to discover that the visitors had knowledge of the water quality 
parameters. Contrarily WCL appears to be a lot cleaner and aesthetically pleasing which is 
illustrated by the lower percentage impact seen in WCL. When asked about the perceived 
changes in the water quality of each lake, 50% of respondents from Wattle Grove observed 
negative changes in the water quality, whereas 41% of respondents from Woodcroft noticed 
































Figure 4.3 Respondents view of the water quality on property price. 
 
Figure 4.4 Residents perceived changes to the water quality. 
Residents and visitors feel that most of the responsibility of maintaining the lake and 
parkland goes to the local council. Walker et al. (2013) found 57% of respondents felt the 
responsibility of maintaining the quality of the lake belonged to the local government. Policy 
makers and council members can utilise this data in determining the budget for maintaining 
and developing future blue-green infrastructures as it is seen as an asset to community 
members.  
However, it was also found that people were willing to take action by volunteering to clean 























































in Figure 4.5in which visitors were asked to identify from a range of 0 – 5 (zero being no 
responsibility and 5 being high responsibility) how much personal responsibility they felt 
with the general cleanliness of the parkland. It was found that at both locations, a medium 
level of responsibility (3) was the highest response.  
 
 
Figure 4.5 Respondents view of personal responsibility for the general cleanliness of the parkland. 
 
4.3.3 Respondents view on well-being 
 
It can be seen in Figure 4.6, 20% of respondents from Wattle Grove and 33% of respondents 
from Woodcroft stated that they visited the lake once or twice a day. Woodcroft has an 
older population when compared with Wattle Grove (43.9% of the population are over 40 
years of age at WC and 39.1% in WG). Older respondents were also observed during the 
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Figure 4.6 Respondents reply when asked how often they visited the lake. 
It can be seen that majority of respondents live over 500m away from their respective lakes 
(Figure 4.7). This implies that their local lake provides them with enough benefits for them 
to keep returning regardless of the distance. From general comments, it was found that 
respondents were happy to travel as they felt visiting their local lake was a part of their 
routine. 
 
Figure 4.7 The travelling distance for respondents 
Figure 4.8 shows 51% of Wattle Grove and 76% of Woodcroft respondents stated that the 
lake had moderate to significant impact on their mental well-being. The water quality 






























































in percentage. As green spaces are constructed for multiple purposes, one being community 
betterment (Nutsford, Pearson & Kingham 2013), it is clearly seen that the lakes studied 
have provided mental well-being benefits. Numerous studies have shown the benefits of 
interacting with nature for improvements in mental well-being (Astell-Burt, Feng & Kolt 
2013; Berman, Jonides & Kaplan 2008; Douglas 2012; Matsuoka & Sullivan 2011; Picton, 
Moxham & Patterson 2018; Thompson 2002) which appears to be reinforced in this study.  
 
Figure 4.8 Respondents view regarding the impact of the lake on mental well-being. 
Similar to the mental well-being responses, 79% of Woodcroft respondents specified the 
lake had moderate to significant positive impact on physical well-being (Figure 4.9).  For 
Wattle Grove, 52% of respondents stated that the lake had moderate to significant positive 
impact on physical well-being which indicates that there is some benefit to living near the 
lake; however, the percentage is lower than Woodcroft which could be attributed to the 
water quality of Wattle Grove Lake. Blue infrastructure, along with other factors such as 
































Figure 4.9 Respondents view regarding the impact of the lake on physical well-being. 
Regarding quality of life, 58% of Wattle Grove and 87% of Woodcroft respondents believed 
their local lake improved their quality of life (Figure 4.10). Higher percentage in Woodcroft 
may be linked to improvements in the mental and physical wellbeing of respondents from 
that area than in Wattle Grove. However, this needs to be further investigated. A study 
conducted by Maas et al. (2006) found that the amount of green space in an individuals’ 
residential suburb had a positive impact on perceived health.  
 





















































16% of respondents from Wattle Grove and 28% of respondents from Woodcroft believed 
they would not exercise if their urban lake did not exist (Figure 4.11). This illustrates the 
importance of the local lake on community. Similar trends were found in a study conducted 
by Astell-Burt, Feng and Kolt (2013) in which individuals living in greener neighbourhoods 
were found to have a lower risk of stress and generally more active than less greener places. 
However, the benefits were only seen by people who visited the green space. It was 
concluded in that study that public open spaces proved to improve physical and mental 
well-being. Access to a public open space such as an urban lake promotes physical and 
mental wellbeing (Mitchell & Popham 2008). Additionally it helps to create a sense of 
community as it promotes interaction with other visitors (Walker et al. (2013). 
 
Figure 4.11 Respondents reply when asked whether they would exercise/walk irrespective of the lake/parkland existing. 
Results shown in this study and past studies (Astell-Burt et.al. 2013, Badland et.al. 2014, 
Walker et.al. 2013) done on public well-being provide evidence for developers and 
policymakers designing public areas to improve designs to further promote healthy living 
(Koohsari et al. 2015). Investment in blue-green infrastructure within urban centres would 
benefit all stakeholders over both short and long-terms. These benefits include both 
































Urban lakes have been constructed to serve multiple purposes that include flood retention, 
property value improvement, and community wellbeing and development. The positive or 
negative impacts of the lake are dependent on many external factors. Over 50% of 
respondents from both sites believe some improvement in their physical and mental well-
being. Therefore, it can be said that lakes in urban areas are great community assets. 
However, the percentages vary between the study locations due to the difference in lake 
water quality, greenness of the surrounding parkland and the background of the residents in 
the area. The community survey found that the urban lakes and their water quality seem to 
have significant impact on the price of nearby homes. 
Responses from community show that there is an overall positive perception of the lake and 
associated parkland.  When asked, over 70% of the respondents stated that there is a 
positive impact of the lake on the property prices. Additionally, 50% of residents found that 
there was moderate to significant impact of the lake on both mental and physical wellbeing 
of people. Approximately, 8 - 16% of respondents stated that they would not exercise if the 
local lake did not exist. Also, 60% of the respondents stated that the lake improved their 
quality of life.  
The findings from this study provide some valuable evidence to policymakers and municipal 
councils to encourage investments to improve performance of existing lakes as well as 
develop new ones in the urban areas. However, further research is required in this area to 









Chapter 5: Property Price Impact 
5.1 Introduction 
 
Hedonic property price approach has been widely used to understand the impact of any 
system on property values. Hedonic pricing method takes into consideration the fact that 
properties are not homogenous. Aspects such as number of bedrooms, bathroom, property 
size, neighbourhood and environmental attributes differ between the properties (Michael, 
Boyle & Bouchard 1996). This method utilises information such as past property data to 
understand the impact (Beal 2007; Mahan, Polasky & Adams 2000). The model utilises a 
linear regression model to estimate the impact of different characteristics on the property 
prices. 
The general formula applied in the hedonic method is shown in Equation 1 (Artell 2014; 
Tapsuwan et al. 2009). The term 𝑙𝑛𝑃𝑖, in this Equation, refers to the natural log of sold 
price of each house 𝑖: 1, 2, 3 … n-number of houses. Parameters S, N, and W, refer to the 
structural characteristics, neighbourhood characteristics, and Wetland/ Water body impact, 
respectively. D refers to the suburb dummy. β represents the regression coefficients. j, k, l, 
and m are the number of variables in each parameter. 𝜀𝑖 refers to the error. 
𝑙𝑛𝑃𝑖=𝛽0+Σ𝛽𝑗𝑆𝑗𝑖+Σ𝛽𝑘𝑁𝑘𝑖+Σ𝛽𝑙𝑊𝑙𝑖+Σ𝛽𝑚𝐷𝑚𝑖+𝜀𝑖       (1)  
 
Although the hedonic approach is being commonly used, there are some limitations to this 
method that should be taken into consideration. Those limitations include lack of data 
availability and errors in calculating coefficients. More studies have been conducted on the 
impact of constructed wetlands on property price (Beal 2007; Boyer & Polasky 2004; Cline 
2002; Frey et al. 2013; Mahan, Polasky & Adams 2000; Tapsuwan et al. 2009). Only a few 
have been done with respect to urban lakes (Gibbs et al. 2002; Michael, Boyle & Bouchard 
1996; Walsh 2009; Wen, Bu & Qin 2014). It is an important topic as it determines the 
necessity and impact of an urban lake in upcoming residential areas. Hedonic pricing 
approach seems to be an efficient method of estimating the impact of various aspects on 




Hedonic property price approach should be utilised to estimate the impact of the 
lake/wetland system on the value of property in the surrounding area especially in New 
South Wales. The information collected from this aspect of the study would help councils in 
determining the impact of various characteristics on property values. It would also benefit 
community members as it would give them a sense of how much the lake impacts their 
property value; this would promote responsibility in members to improve and maintain the 
health of the lake and the surrounding area. The main of this section is to estimate the 
impact of urban lakes on surrounding property prices. 
5.2 Methodology 
 
Hedonic property price approach was used to estimate the impact of urban lakes on 
property prices. Actual sale prices of property surrounding the two sites were collected by 
using online databases (CoreLogic 2017; REAGroup 2017). The data were analysed using the 
hedonic method. For each property considered in the analysis, the characteristics such as 
number of bedrooms, bathrooms, car parking, and lot sizes were used. Additionally, 
GoogleTM Maps was used to measure driving distances to facilities such as day care, shops, 
primary and high school, train station, and hospital were also studied. Most importantly, the 
driving distance to the lake was included. Parameters such as year sold, lot size, number of 
bedrooms, bathrooms and car spaces attribute to the base value of the property price. The 
distance to the lake is considered as the environmental value parameter of the total 
property price in this study. The site areas with description of facilities for each location are 










Figure 5.2 Woodcroft Study Area. 
Minitab was the software utilised for the multi-linear regression modelling. Property details 
were input and regression was conducted on the data. Variance, significance and collinearity 
were explored to prevent repetition of data that could skew the results. Initially the data 
was modelled without any modification. Later, the right side of Equation 1 was modified to 
identify other correlations.   
Regression analysis was completed to understand the correlations between various facilities 
and characteristics on property prices. A total of 334 and 135 properties data were collected 
for Wattle Grove and Woodcroft, respectively. The data from both locations was combined 
to make a larger sample size.  The significant regression outputs are discussed in the 






5.3.1 Model Variables and Summary of Data 
 
The model variables and statistical summaries for Wattle Grove and Woodcroft properties 
are shown in Table 5.1 and Table 5.2, respectively.  
Table 5.1 Model Variables and Summary for Wattle Grove properties. 
Wattle Grove 
Variables Description Mean 
Standard 
Deviation Min Max 
Dependent Variable 
Property Price 
House Sale Price 
$ 761,055.24 183993.43 $  350,000.00 $  1,420,000.00 
Structural Attributes 
Lot Size 
The area/lot size in 
metres squared 488.26 147.31 300 980 
Bedrooms Number of bedrooms 3.49 0.68 2 6 
Bathrooms 
Number of 
bathrooms 1.69 0.65 1 4 
Car Space 
Number of car spaces 
available 1.68 0.67 1 6 
Year Sold 
The year in which the 
property was sold 2015 1.36 2013 2017 
Neighbourhood Attributes 
Distance to lake 
(km) 
The distance from 
the property to the 
lake  1.19 0.59 0.28 2.6 
Distance to 
shops (km) 
The distance from 
the property to the 
nearest shops 1.66 0.56 0.15 3 
Distance to Day 
Care (km) 
The distance from 
the property to the 
nearest day care 1.47 0.84 0.081 3.2 
Distance to 
Primary School  
(km) 
The distance from 
the property to the 
nearest primary 
school 1.62 0.70 0.081 3.1 
Distance to 
High School  
(km) 
The distance from 
the property to the 
nearest high school 2.17 0.60 0.75 3.6 
Distance to 
Hospital  (km) 
The distance from 
the property to the 
nearest hospital 5.66 0.61 4.5 6.9 
Distance to 
Train Station  
(km) 
The distance from 
the property to the 






Table 5.2 Model Variables and Summary for Woodcroft properties. 
Woodcroft  
Variable Description Mean 
Standard 
Deviation Min Max 
Dependent Variable 
Property Price House Sale Price  $  713,148.15  121591.79 
 $  
388,000.00  




The area/lot size in 
metres squared 486.77 149.78 191 1040 
Bedrooms Number of bedrooms 3.95 0.74 3 7 
Bathrooms 
Number of 
bathrooms 2.10 0.50 1 4 
Car Space 
Number of car spaces 
available 2.07 1.11 1 10 
Year Sold 
The year in which the 




The distance from 
the property to the 
lake  1.56 0.72 0.09 3.50 
Distance to 
shops  (km) 
The distance from 
the property to the 
nearest shops 1.28 0.52 0.18 3.70 
Distance to 
Day Care  
(km) 
The distance from 
the property to the 
nearest day care 1.27 0.63 0.01 3.30 
Distance to 
Primary 
School  (km) 
The distance from 
the property to the 
nearest primary 




The distance from 
the property to the 
nearest high school 1.33 0.47 0.25 3.40 
Distance to 
Hospital (km) 
The distance from 
the property to the 
nearest hospital 7.11 0.64 6.10 8.20 
Distance to 
Train Station 
The distance from 
the property to the 










5.3.2 Regression Analysis 1: Raw Data Regression 
 
Raw data including aspects such as year sold, bedrooms, bathrooms, car spaces, lot sizes, 
and driving distances to the lake, shops, day care, primary school, high school, train station 
and hospital. Analysis of variance for this data set is shown in Table 5.3. The F and P values 
indicate the significance of the results. A large F value and small P value (<0.05) (i.e. the null 
hypothesis is supported) indicates high significance. It can be seen that the year sold 
parameter has the highest significance. This may be due to the fluctuations in market value 
and inflation rates. Following the year sold, lot size, number of bathrooms and distance to 
train station factors were determined to be significant. 
Table 5.3 Analysis of Variance for raw data for properties in both locations. 
Source DF Adj SS Adj MS F-Value P-Value 
Regression 12 1.03350E+13 8.61251E+11 126.08 0.000 
  Year Sold 1 4.72664E+12 4.72664E+12 691.92 0.000 
  Bedrooms 1 1.98298E+11 1.98298E+11 29.03 0.000 
  Bathrooms 1 4.39075E+11 4.39075E+11 64.28 0.000 
  Car Space 1 11169168411 11169168411 1.64 0.202 
  Lot Size (m2) 1 7.16101E+11 7.16101E+11 104.83 0.000 
  Distance to Lake (km) 1 3260894803 3260894803 0.48 0.490 
  Distance drive to shops(km) 1 8889746765 8889746765 1.30 0.255 
  Distance to day care (km) 1 75255893 75255893 0.01 0.916 
  Distance to school (km) 1 49336408658 49336408658 7.22 0.007 
  Distance to high school (km) 1 47427961040 47427961040 6.94 0.009 
  Distance to hospital (km) 1 1.02037E+11 1.02037E+11 14.94 0.000 
  Distance to train station (km) 1 3.07578E+11 3.07578E+11 45.03 0.000 
Error 452 3.08770E+12 6831186273       
Total 464 1.34227E+13          
 
Table 5.4 indicates the coefficient values for each characteristic. It was found that in 
general, structural characteristics of the properties had positive impact on the property 
price. The coefficients indicate there is a positive correlation between the property price 
and the lot size, number of bedrooms, bathrooms and car spaces. This was also observed in 
the study conducted by Tapsuwan et al. (2009). Negative coefficients calculated for 




the decrease in property price the further these facilities are situated from the property (i.e. 
further the property is from these facilities, the lower the property price). However, only the 
distances to primary and high school, and hospital are significant (p<0.05). The model 
summary indicates an R2 value of 77% (Table 5.5).  
Table 5.4 Coefficients for structural and neighbourhood characteristics for properties in both locations.  
Term Coef SE Coef T-Value P-Value VIF 
Constant -152577919 5814711 -26.24 0.000***    
Year Sold 75926 2886 26.30 0.000*** 1.03 
Bedrooms 41899 7777 5.39 0.000*** 2.17 
Bathrooms 66777 8329 8.02 0.000*** 1.92 
Car Space 6830 5342 1.28 0.202 1.36 
Lot Size (m2) 350.2 34.2 10.24 0.000*** 1.74 
Distance to Lake (km) -8004 11584 -0.69 0.490 3.89 
Distance drive to shops(km) 20906 18326 1.14 0.255 7.56 
Distance to day care (km) 844 8042 0.10 0.916 2.72 
Distance to school (km) -20452 7610 -2.69 0.007** 1.62 
Distance to high school (km) -43289 16429 -2.63 0.009** 8.64 
Distance to hospital (km) -27009 6988 -3.86 0.000*** 2.71 
Distance to train station (km) 27239 4059 6.71 0.000*** 2.68 
*** and ** significant at 1% and 5%, respectively. 
Table 5.5 Model Summary. 
S R-sq R-sq(adj) R-sq(pred) 
82651.0 77.00% 76.39% 75.40% 
 
 
Property Price = -152577919 + 75926 Year Sold + 41899 Bedrooms + 66777 Bathrooms 
+ 6830 Car Space + 350.2 Lot Size (m2) 
- 8004 Distance to Lake (km) + 20906 Distance drive to shops(km) 
+ 844 Distance to day care (km) - 20452 Distance to school (km) 
- 43289 Distance to high school (km) - 27009 Distance to hospital (km) 









5.3.3 Regression Analysis 2: Raw Data with only Distance to Lake - Driving 
 
Regression analysis was conducted using data for properties from both locations to 
understand the general correlation between the characteristics with respect to driving 
distance to the lake. Analysis of variance for this data set is shown in Table 5.6. The F and P 
values indicate the significance of the results. A large F value and small P value (<0.05) (i.e. 
the null hypothesis is supported) indicates high significance. It can be seen that the year sold 
parameter has the highest significance. Following the year sold, lot size and number of 
bathrooms were determined to be significant variables.  
Table 5.6 Analysis of Variance for raw data for properties in both locations (only including driving distance to lake as 
neighbourhood characteristic). 
Source DF Adj SS Adj MS F-Value P-Value 
Regression 6 9.44812E+12 1.57469E+12 181.45 0.000 
  Year Sold 1 4.87358E+12 4.87358E+12 561.59 0.000 
  Bedrooms 1 84525960066 84525960066 9.74 0.002 
  Bathrooms 1 3.66699E+11 3.66699E+11 42.26 0.000 
  Car Space 1 2638019715 2638019715 0.30 0.582 
  Lot Size (m2) 1 1.15495E+12 1.15495E+12 133.09 0.000 
  Distance to Lake - Driving (km) 1 53981745859 53981745859 6.22 0.013 
Error 458 3.97458E+12 8678131455       
  Lack-of-Fit 456 3.97037E+12 8706955497 4.13 0.215 
  Pure Error 2 4212500000 2106250000       
Total 464 1.34227E+13          
 
Table 5.7 indicates the coefficient values for each characteristic used in this data set. It was 
found that similar to the raw data regression, structural characteristics of the properties had 
positive impact on the property price. The coefficients indicate there is a positive correlation 
between the property price and the lot size, number of bedrooms and bathrooms. This was 
also observed by other studies (Frey et al. 2013; Tapsuwan et al. 2009). The negative 
coefficient for the characteristic of distance to lake indicates that there is a positive impact 
on property price if it is located closer to the lake. However, the F and P values indicate that 
the impact is not significant in comparison to other factors. The model summary indicates 




Table 5.7 Coefficients for structural characteristics and driving distance to lake  for properties in both locations. 
Term Coef SE Coef T-Value P-Value VIF 
Constant -153976217 6512446 -23.64 0.000***    
Year Sold 76586 3232 23.70 0.000*** 1.01 
Bedrooms 26790 8584 3.12 0.002** 2.08 
Bathrooms 59148 9099 6.50 0.000*** 1.81 
Car Space -3260 5913 -0.55 0.582 1.31 
Lot Size (m2) 426.1 36.9 11.54 0.000*** 1.60 
Distance to Lake - Driving (km) -17073 6845 -2.49 0.013** 1.07 
*** and ** significant at 1% and 5%, respectively. 
Table 5.8 Model Summary  
S R-sq R-sq(adj) R-sq(pred) 




Figure 5.3 illustrates the variation in the property prices using Equations 2 and 3. Different 
distances to the lake were entered in the equations (0.1km to 2km) keeping other variables 
constant (averages from Table 5.2 were used). It can be seen that the further the property is 
from the lake, the lower the value. Between 0.1km and 2.0km, the property price decreases 
by $15,208 and $32,439 for Equations 2 and 3, respectively.  Additionally, it is apparent that 
with more characteristics included in the equations, the less the impact of the distance to 
lake on the property price. Therefore, the hedonic method can be utilised to investigate the 
potential of impact of characteristics on the property price, however, the accuracy and 
deviation of the coefficients found would depend on the number of characteristics 
considered to begin with. 
The add-on price of $15,208 to $32,439 for the properties located near the lake can be 
considered to be the “Environmental value” of the property. This is the price that a resident 
will be willing to pay for the environmental setting that is associated with the property. Rest 
of the value of the property can be considered to be the base price.  
Property Price = -153976217 + 76586 Year Sold + 26790 Bedrooms + 59148 Bathrooms 
- 3260 Car Space + 426.1 Lot Size (m2) 






Figure 5.3 Property Price versus distance to lake variation between Equation 2 and Equation 3. 
5.4 Discussion  
 
The regression outputs indicate a positive correlation between the lake and property price. 
This is supported by the negative coefficient for the distance to lake factor in Equations 2 
and 3. However, it is only significant at 5% when the model is run taking into consideration 
the structural characteristics and distance to lake (p<0.05). The regression analyses were 
carried out for each site separately; however the correlations were not significant. The data 
is included in the Appendix.  
In terms of actual prices, Equations 2 and 3 indicate the property price increases by 
approximately AU$8 and AU$17 for each metre the property is closer to the lake (coefficient 
divided by 1000 to convert kilometre to metre), respectively.  This trend was also observed 
in a study conducted by Tapsuwan et al. (2009) in Perth, Australia, where the property price 
increased for each metre the property is closer to the water body by AU$42. A similar study 
conducted by Mahan, Polasky and Adams (2000) in Portland, Oregon, also had a similar 
output in which the property price increased by US$5 when reducing the distance from a 
house to the nearest lake by 1 metre. Similar positive impacts were observed in other 
studies (Conroy & Milosch 2011; Frey et al. 2013; Gibbs et al. 2002; Wen, Bu & Qin 2014). 
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the long-term lead to higher revenue to the local and state governments through land tax 
and property rates. Although the hedonic approach is being widely used, there are some 
advantages and limitations to this method that should be taken into consideration. An 
advantage is the ability to quantify the actual amount individuals are prepared to pay for 
the facility. However, limitations include data availability and bias, errors in calculating 
coefficients, limited scope with respect to environmental benefits, and lack of ability to 
correlate with taxes, interest rates and stock markets (Ahnlund & Suarez 2014). As there 
was a limitation with the number of properties with available sale data within the 
considered time period, the data set was small. The significance may differ if more 
properties were considered.  
5.5 Conclusion 
 
The main aim of this section was to investigate the impact of the lake on property prices. 
Hedonic property price analysis was conducted to quantify the impact.  As concluded in 
other studies, structural characteristics had more significance on the property price than 
factors of distances to facilities. It was also found that the distance to the lake impacted the 
property price positively with an increase of up to AU$17 for every metre a property is 
closer to the lake system. This indicates that the urban lake system has perceived and actual 
benefits to the community and local government. 
The information collected from this research would help councils in determining the impact 
of various characteristics on property values. It would also benefit community members as it 
would give them a sense of how much the lake impacts their property value; this would 














The main aim of this study was to investigate the benefits and the applicability of urban 
lakes to urban centres. To achieve this, environmental, social and economic aspects of 
urban lakes were explored. Three aspects of wetland and urban lake systems were 
investigated in this study: water quality, property price impact, and community benefits. For 
water quality, over one year of continuous monitoring of two urban lakes was done to 
understand the variations and correlation between parameters. The comparison between 
the sites aided in the understanding the impact of a constructed wetland on stormwater 
treatment. Hedonic property price approach was also implemented to investigate the effect 
of the urban lake system on the surrounding property values. Community surveys were 
conducted in various formats to determine the community’s opinions and suggestions 
regarding the lake parkland system. Key conclusions of the study are summarised below. 
6.1.1 Environmental Impacts 
 
The main aim of the environmental monitoring was to investigate the water quality of urban 
lakes with respect to seasonal variations and catchment characteristics.  
Seasonal variations in turbidity were observed in Wattle Grove Lake. In warmer climatic 
conditions, the turbidity increased due to increase in algal activity, decay and carp 
resuspending sediments. This is also seen for electrical conductivity at both locations which 
is attributed to increase in evaporation during warmer climates.  
The results obtained in this study indicate that the wetland significantly improves the water 
quality of the urban lake. This is particularly true in terms of turbidity, total suspended solids 
and nutrients. Reduction percentages of up to 70 and 76% were observed for totals 
suspended solids and total nitrogen, respectively. However, as mentioned earlier, the 
nutrients are still not within the ranges mentioned in ANZECC Guidelines (2000). Thus 




Comparing the performance of two lake system (Woodcroft lake with wetland and Wattle 
Grove lake), it was evident that the Wattle Grove Lake performed poorly. The reasons for 
this poor performance can be attributed to: 
 Low detention time and volume to surface area ratio which may be resulting in 
resuspension of colloidal particles (the sediments in Wattle Grove Lake have not 
been de-silted since its construction over 24 years ago); 
 Presence of carp in the lake; and 
 Incidences of algal bloom occurring particularly during spring and summer periods.  
The difference in catchment size was found to attribute to the variation in water quality. 
Wattle Grove Lake had a catchment size almost double of Woodcroft Lake which 
contributes to the high pollutant load entering the lake. In addition to this, number of 
parameters appeared to increase at the outlet which is attributed to algal blooms, 
resuspension of sediments and also potentially groundwater leaching at Wattle Grove Lake.  
6.1.2 Social Benefits 
The main aim of the social aspect for this research was to analyse the community benefits 
arising from urban lake system quantitatively. The community survey explored the impact of 
the lake on property prices, mental and physical well-being, quality of life, and water 
quality. The positive or negative impacts of the lake are dependent on many external 
factors. Over 50% of respondents from both sites believe that there was an improvement in 
their physical and mental well-being and therefore lakes in urban areas are great 
community asset. The study also found that the urban lakes and their water quality seem to 
have significant impact on the price of nearby homes. Responses from community show 
that there is an overall positive perception of the lake and associated parkland.  When 
asked, over 70% of the respondents stated that there is a positive impact of the lake on the 
property prices. Approximately 20% of respondents stated that they would not exercise if 
the local lake system did not exist. Also, 60% of the respondents stated that the lake 
improved their quality of life. In general, wetlands and urban lakes can greatly contribute to 
the well-being of the community by acting as urban recreational spaces that provide 




6.1.3 Economic Assessment 
The main aim of the economic assessment was to estimate the impact of the lake systems 
on surrounding property prices. It was calculated that the property price can increase 
between AU$8 and AU$17 for each metre the property is closer to the lake.  The 
information collected from this research would help councils in determining the impact of 
various characteristics on property values. It would also benefit community members as it 
would give them a sense of how much the lake impacts their property value; this would 
promote responsibility in members to improve and maintain the health of the lake and the 
surrounding area. This study clearly demonstrated the value of urban lakes in creating 
liveable urban centres/ subdivisions.  
6.2 Recommendations from this Research 
6.2.1 Improving the performance of the monitored systems 
 
To improve the performance of Wattle Grove Lake the following specific recommendations 
are made: 
 De-silting of the lake which can increase volume to surface area ratio as well as 
average detention time. Achieving a volume to surface area ratio of 4 to 5 may 
contribute to the better water quality in the Wattle Grove Lake. This will not only 
improve the settling characteristics of the particles in the lake, but also minimises 
the incidences of resuspension of turbidity causing materials. Moreover, high volume 
to surface area ratio will minimise the occurrences of algal bloom in the lake. 
 Additional plantation of macrophytes around the lake and installation of floating 
wetland (Winston et al. 2013). 
Woodcroft Lake appears to perform better than that of Wattle Grove Lake due to the 
inclusion of a constructed wetland, catchment characteristics and design. However, the 
system still has high concentrations of nutrients. Regular monitoring and maintenance of 
the systems should be undertaken to ensure that they perform efficiently (Erickson et al. 
2010). Similar to Wattle Grove Lake, Woodcroft Lake has not been de-silted since it’s 
construction. Improvement in the pollutant removal efficiency may be observed if that is 




carp removal and dredging are undertaken, it is essential that the water quality is monitored 
to understand the impact of the maintenance on the functions of the systems (Hunt & Lord 
2006). 
6.2.2 Future research needs and opportunities 
 
Further research is needed in the following areas purpose of improving existing lake systems 
and future lake/water retention system designs: 
 Effect of catchment characteristics on the quality of stormwater generated and 
urban lake water quality; 
o As part of this research, catchment characteristics such as catchment size and 
soil properties were studied. Future research should explore quantity of 
pollutants entering the lakes whilst considering other systems within the 
catchment. Additionally, modelling of WSUD structures within the catchment 
area should be included to understand the efficiency of systems such as 
GPTs, bioretention systems and swales in urban areas. 
 Design guidelines for urban lakes;  
o This study explored the design of the lakes with respect to efficiencies using 
MUSIC modelling and experimental results. Aspects such as depth and 
volume, pre-treatment devices and maintenance should be researched 
further. 
 Detailed cost and benefit analysis of incorporating blue and green spaces within the 
urban areas. 
o Installation and ongoing maintenance and rectification costs should be 
researched in order to utilise these systems in the most efficient way 
possible. 
Additionally, the impact of green/blue infrastructure on community is worth studying 
further as urban water sensitive urban devices are becoming widely implemented. In order 
to obtain the environmental, social and economic benefits of these systems, further 
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Appendix 1  
1.1: Seasonal Average Water Quality Results 
 
  Temperature (°C) DO (mg/L) EC 
  Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 
WCW 26.24286 19.27222 13.55938 19.06667 5.382857 6.471667 7.715938 6.623333 624.2143 496.5889 574.0219 690.9167 
WCL 26.53 19.97 13.85 20.85 7.64 7.25 8.13 8.33 366.59 342.10 297.32 304.01 
WGL 23.8037 19.21795 14.80929 23.02956 7.577037 8.183974 9.549548 7.614778 134.5544 181.2333 181.4421 200.4267 
    
 
 
          Turbidity TSS TS 
  Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 
WCW 10.14286 7.138889 6.21875 11.41667 78.42857 16.58333 9.653846 22.83333 602.9286 411.0357 336.1154 437.6667 
WCL 4.19 5.53 7.14 4.74 20.54 23.32 12.94 12.50 349.54 183.56 289.85 182.62 
WGL 77.18556 68.11538 39.71667 49.33333 84.04167 43.02564 19.38056 30.74444 283.7917 208.1636 129.725 153.0222 
    
 
 
          TN TP 
      Summer Autumn Winter Spring Summer Autumn Winter Spring 
    WCW 1874.071 3688.768 2134.675 1112.15 576.6162 250.8622 457.8848 799.75 
    WCL 1054.17 3103.40 1516.52 653.84 291.64 173.88 381.02 512.11 
    WGL 2510.146 1014.3 943.5452 1046.494 204.5556 419.9333 952.2143 898.76 















  Chl-a BOD DOC 
  Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 
WCW 267.9205 19.29331 25.41396 19.53891 4.096429 3.57 2.585333 3.476667 11.39486 9.346176 8.118656 8.648 
WCL 9.70 22.23 48.05 8.90 1.78 2.45 1.72 1.82 6.62 7.66 6.01 5.52 
WGL 35.70008 81.55898 63.10829 28.9626 4.6 4.064242 2.795744 3.893667 6.443963 7.140295 6.724356 5.655067 
   
 
 
           NOxN NH4N PO4P 
  Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 
WCW 92.39286 166.79 226.9192 126.1667 124.9286 405.375 456.1833 471.0417 205.2083 292.0938 134.5269 188.1667 
WCL 20.46 127.65 256.95 104.35 61.68 107.48 180.59 43.20 99.48 109.04 49.72 83.85 















1.2: Seasonal Inlet and Outlet Results 
 
  Temperature DO EC 
  Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 
GPT 26.8     20.9 6.18     9.61 382.5 219.1   209.9 
WCW 27.3 20.8 17.95 21.55 7.915 8.49 9.51 9.085 114.9 113.9 302 204.8 
SIPHONS 28 21.5 17.3 21.6 8.056667 5.77 8.786667 8.525 160.5333 191.8667 287.4 220.3 
OUTLET 
WCL 27.4 22.7 17.5 21.6 7.63 6.69 8.17 7.31 336 297.6667 290 313 
INLET WGL 26.03333 21.1 18.5 21.55 7.5025 8.195 9.53 8.845 147.425 110.85 123 110.85 
OUTLET 
WGL 25.85714 22.6 18.5 21.55 7.714 7.77 9.313333 8.775 191.85 127.475 200.2667 171.95 
   
 
 
           Turbidity TSS TS 
  Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 
GPT WCL 8.5 6   15 7 7 13.5 5 231 124 252.6667 171 
WCW 9.5 2 5 6.5 5.5 1.666667 6.4 7.5 44 66.66667 159.2857 145.5 
SIPHONS 
WCL 5.666667 3.666667 16.66667 15.5 8.666667 3.333333 6.4 20.5 82.33333 111.6667 148.1429 160.5 
OUTLET 
WCL 5.5 1.666667 2 10.5 5.5 3.666667 5.5 1.5 171 168.3333 181.33 182.5 
INLET WGL 22 25.2 19.66667 26 19.75 15.2 7.5 18 139.75 113.4 74.3 123.5 
OUTLET 
WGL 41 28.2 31.33333 55.5 29.55556 9.2 19.66667 46.5 171.4444 97.8 157.8 190 













  TN TP 
      Summer Autumn Winter Spring Summer Autumn Winter Spring 
    GPT WCL 2275.75 2351 1314.37 3141 357 471 770.3433 646 
    WCW 1207.25 1340.667 1286.198 1083 760.25 326.6667 669.0517 1130 
    SIPHONS 
WCL 867.6667 1051.833 1062.004 852 47.33333 240.8333 578.6958 393 
    OUTLET 
WCL 581.5 685.3333 1354.256 764.5 894 410.75 626.5125 360.5 
    INLET WGL 1058.625 1335.813 1060.292 924 1348.25 374.9 542.5432 678.5 
    OUTLET 
WGL 1197.95 1602 1353.668 882 176.45 221.625 376.2686 982.5 





1.3: Soil Particle Size Data 
 
WGL Sieve             














4.75           100 
2.36 432.61 442.43 9.82 9.82 4.917376064 95.08262 
1.18 383.17 391.32 8.15 17.97 8.998497747 91.0015 
0.6 345.61 367.34 21.73 39.7 19.87981973 80.12018 
0.425 340.91 372.73 31.82 71.52 35.81372058 64.18628 
0.3 342.68 380.24 37.56 109.08 54.6219329 45.37807 
0.15 303.58 363.48 59.9 168.98 84.61692539 15.38307 
0.075 290.26 308.92 18.66 187.64 93.96094141 6.039059 
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WCL Sieve             















4.75           100 
2.36 432.61 450.19 17.58 17.58 8.784729163 91.21527 
1.18 383.17 413.38 30.21 47.79 23.8806716 76.11933 
0.6 345.61 378.77 33.16 80.95 40.45072956 59.54927 
0.425 340.91 364.46 23.55 104.5 52.2186688 47.78133 
0.3 342.68 369.96 27.28 131.78 65.85048971 34.14951 
0.15 303.58 336.03 32.45 164.23 82.06576054 17.93424 
0.075 290.26 309.43 19.17 183.4 91.64501299 8.354987 
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1.4: Soil Chemical Composition 
 
Wattle Grove Soil Samples 
  Calcium (mg/kg) Potassium (mg/kg) Magnesium (mg/kg) Sodium (mg/kg) Iron (mg/kg) TN(mg/kg) TP(mg/kg) 
Colo Ct 817.259 1236.06 605.815 129.063 19027.5 870 884.485 
Fernleaf Ct 1359.54 622.12 386.987 138.536 7466.72 1165 1391.475 
Australis Park 2817.45 2110.99 1074.44 224.107 14000.9 3745 1781.5675 
WGL Bubblers 1858.21 1843.43 745.653 209.28 16458.7 2490 1642.46 
Corryton Park 2891.37 3002.77 2067.68 523.308 16043 3675 1585.715 
 









(mg/kg) TN(mg/kg) TP(mg/kg) 
Near GPT 6370.22 1998.62 2784.04 925.096 16752.9 1170 1417.95 
Community Hall near Lake 3118.02 3902.21 2643.91 493.828 26120.9 1720 1387.25 
Creek Opp. Lake 4007.99 2912.67 2046.38 453.315 18729 2430 1325.99 
Woodcroft Field 3078.09 1904.92 1454.8 330.79 7870.4 1925 1251.945 






1.5: Sediment Composition 
 
  Calcium (mg/kg) Potassium (mg/kg) Magnesium (mg/kg) 
  Summer Autumn Winter Spring Summer Autumn Winter Spring Summer Autumn Winter Spring 
WGL 3151.368 1458.957 4255.51 3286.98 3560.493 3097.617 2397.195 3901.723 1985.962 1024.032 1567.901 2005.332 
WCL 3273.189 3176.368 5200.873 1707.356 2846.853 2771.884 4288.052 3956.536 3361.436 2594.281 2621.591 1778.94 
 
 Sodium (mg/kg) Iron (mg/kg) 
 Summer Autumn Winter Spring Summer Autumn Winter Spring 
WGL 423.9764 467.2339 467.7576 770.9322 29451 55809.5 40368 32218.8 
WCL 1118.008 1855.107 1916.52 310.978 51649.4 57142 25800 47972 
 
 TN (mg/kg) TP (mg/kg) 
 Summer Autumn Winter Spring Summer Autumn Winter Spring 
WGL 3950 670 4290 4190 1823.085 1269.54 1909.335 2086.28 


























































































































































21/01/2015 22.00 7.62 135.13 111.83 7.15 6.70 44.00 183.17 315.67 615.50     250.00 4033.17     
28/01/2015 21.30 8.35 98.28 84.17 7.30 7.67 12.67 160.50 160.50 340.83 4.32 166.67 540.00 2924.67     
4/02/2015 19.80 7.08 110.25 67.33 7.52 6.24 13.33 69.00 204.33 
 
  130.00 300.00 2488.50     
11/02/2015 24.00 8.16 129.03 80.67 6.50 8.07 11.33 695.50 250.50 225.50 3.02 56.67 196.67 4986.67     
18/02/2015 25.00 8.16 134.20 79.17 6.74 6.25 12.33 138.50 121.33 146.50   63.33   1812.00     
25/02/2015 22.30 7.60 122.97 79.50 6.71 6.56 7.83 170.50 127.83 147.83 4.48 116.67 436.67       
4/03/2015 21.00 7.91 132.98 83.50 6.36 6.20 11.83 169.50 133.67 271.33 5.43 22.00 270.00       
11/03/2015 22.00 7.79 145.82 108.00 6.55 6.29 13.17 61.83 40.83 124.67   63.33 233.33       
18/03/2015 20.40 7.17 133.10 88.00 6.17 6.47 20.17 233.67 38.33 194.83 3.94 86.67 180.00       
19/05/2015 16.33 8.34 210.15 42.67 8.12 7.48 10.33 90.50 48.67 410.33 1.19 21.00         
26/05/2015 15.77 8.56 220.88 43.67 8.00 7.28 9.83 96.50 19.50 358.17 1.73 22.67         
2/06/2015 15.70 8.86 204.07 45.50 7.60 7.24 9.83 94.83 13.17 376.00 1.45 22.50         
9/06/2015 14.52 9.55 167.28 50.83 7.52 7.24 11.50 125.67 3.33 329.83 2.06           
19/06/2015 14.42 10.27 155.40 47.33 7.74 7.13 8.17 62.00 6.33 389.00 2.41           
23/06/2015 13.40 9.50 200.65 46.00 7.77 6.55 9.67 48.83 2.67 453.83 2.17 30.33         
30/06/2015 13.23 9.87 194.83 38.50 6.86 6.77 13.33 61.67 6.50 473.50 1.73 19.33         
7/07/2015 11.65 10.59 206.72 36.67 6.68   6.33 72.50   428.83   17.33         
20/04/2016 21.47 7.31 187.13 85.00 7.23 7.30 96.33 578.67       76.33 229.00     74.03 
4/05/2016 18.00 7.69 182.97 86.33 7.70 7.81         4.73 57.00 214.50     310.82 
18/05/2016 16.60 8.17 185.20 71.00 7.20 8.25 51.00 77.67 23.67   5.34 40.67 192.97     180.09 




22/06/2016 15.46 8.74 161.74 36.00 6.78 7.72 12.80 32.20 59.50 498.70 4.46 34.00 129.20 754.80 1494.20 63.20 
8/07/2016 13.96 10.64 190.68 17.00 6.83 6.87 8.20 21.20 12.40 217.40 3.49 17.40 96.00 755.20 1086.00 0.00 
21/07/2016 17.54 9.09 160.48 19.80 7.11 7.91 11.00 158.00 46.00 281.60 2.57 7.40 117.00 585.20 648.40 20.78 
8/08/2016 14.28 9.44 205.46 37.60 6.73 6.14 18.40 252.20 83.60 406.80 4.35 16.00 133.60 1573.40 738.00 0.00 
28/08/2016 15.84 9.24 153.38 59.80 6.41 5.22 16.40 105.00 43.80 459.00 4.21 31.60 200.00 1104.00 509.90 18.18 
12/09/2016 20.30 7.95 174.72 49.60 7.19 6.01 20.80 40.80 56.40 479.60 4.04 27.20 165.80 1194.00 523.60 20.30 
23/09/2016 21.04 7.75 175.20 68.00 6.81 5.22 36.40 110.20 47.20 473.20 3.04 46.40 187.60 1160.60 144.00 15.92 
8/10/2016 20.88 8.07 205.92 34.00 6.68 5.54 21.40 39.20 92.00 384.50 2.93 24.60 135.60 999.30 169.40 17.73 
27/10/2016 21.82 8.20 197.32 24.40 7.48 5.49 3.00 29.10 10.40  3.53 7.60 97.80 1086.40 905.80 31.30 
20/11/2016 26.43 6.67 218.73 53.00 7.13 5.85 4.00 44.00 18.33  3.34 23.00 166.67 356.33   49.04 
30/11/2016 27.70 7.06 230.67 67.00 7.20 5.82 39.33 137.33 5.33 71.33 6.49 55.67 164.67 1482.33 2751.00 39.49 
21/12/2016 26.87 6.97 185.70 67.33 7.48 5.11 49.33 112.67 20.17 223.17 5.53 59.00 243.33 1327.00 268.00 29.94 
27/01/2017 24.70 7.06 154.03 64.67 7.42 6.45 15.33 59.00 129.83 62.33 4.63 54.00 208.00 1326.00 115.67 60.90 
9/02/2017 28.27 7.19 141.40 60.00 6.90 4.95 7.00 36.67 35.00 62.00 5.62 26.00 95.67 1183.17 230.00 16.26 
11/03/2017 24.43 7.73 151.13 84.33 7.81 6.58 19.17 35.67 53.67 386.50 4.67 12.00 128.00 1006.83 345.00 2.25 
12/04/2017 23.37 8.80 178.87 26.67 7.39 7.66 20.33 87.00 72.33 164.67 5.28 43.67 194.67 1011.33 154.33 26.85 
30/04/2017 19.33 8.57 211.83 53.00 7.65 7.59 44.33 459.67 131.67 350.50 4.95 33.67 204.67 1007.67 727.67 12.88 
16/05/2017 16.63 8.68 214.73 52.00 7.23 7.29 52.33 73.17 35.67 513.83 3.25 30.67 188.00 944.00 453.00 18.20 
31/05/2017 14.50 9.67 201.23 61.33 7.45 6.62 9.00 57.50 17.33 431.17 4.19 49.67 254.67 1101.67 419.67 27.35 
24/06/2017 15.87 9.73 201.03 50.00 7.06 5.08 7.00 121.33 251.83 303.83 2.23 1.33 84.00 495.00   33.10 

























































































































































11/02/2015 22.62 9.29 415.60 4.40 7.57 7.94 1.20 120.80 297.40 16.40 0.87 18.00 158.00 1659.20     
18/02/2015 24.94 8.81 400.40 4.80 7.61 7.99 0.00 47.00 108.00 7.60 1.06 18.00 254.00 2099.80     
26/02/2015 23.30 8.03 383.40 3.40 7.40 7.21 1.00 45.80 47.60 8.00 2.87 18.00 120.00 1791.00 
 
  
5/03/2015 22.64 8.36 426.60 3.60 7.89 7.39 0.00 31.80 117.00 3.60 1.55 10.00 210.00 1215.06    
12/03/2015 22.82 5.56 243.20 2.20 8.52 7.34 1.60 117.00 45.40 62.80 3.29 14.00 150.00 1195.48    
19/03/2015 23.66 8.22 416.40 3.80 7.40 7.66 2.40 79.60 211.60 31.20 4.04 14.00 122.00 1967.80 244.43   
26/03/2015 22.22 8.94 417.40 3.40 7.97 10.59 3.00 58.60 106.20 58.80 2.34 16.00 88.00 4638.60 255.45   
2/04/2015 22.16 6.89 352.40 3.20 7.29 8.23 6.80 74.60 177.60 77.00 3.52 32.00 174.00 4514.60    
9/04/2015 20.82 7.70 370.60 6.40 7.68 10.30 9.80 86.60 99.00 116.40 1.03 4.00 234.00 7535.40    
16/04/2015 21.00 5.40 417.20 6.00 7.63 8.78 10.20 279.80 332.00 172.20 1.62 2.00 188.00 5941.80 261.79   
23/04/2015 17.14 6.72 342.20 15.20 7.66 10.87 132.00 66.00 270.00 12.40 2.89 172.00 544.00 8664.25 300.89   
15/05/2015 16.20 7.94 303.80 6.00 6.20 8.62 3.00 197.40 25.40 275.20 1.61 11.00 204.00 2679.60 
 
  
21/05/2015 17.06 7.04 312.80 7.72 6.80 7.12 18.80 90.20 118.20 224.60 1.06 5.20   2161.80 124.14   
28/05/2015 15.02 8.16 343.80 7.44 5.80 7.26 7.40 70.00 59.80 289.20 0.87 5.40   2138.00 
 
  
4/06/2015 12.82 7.89 388.40 7.27 6.20 6.49 7.36 137.48 5.20 277.72 1.07 9.20   2691.20 
 
  
11/06/2015 14.08 7.62 317.80 7.41 5.20 7.02 5.80 137.00 2.67 261.00 0.76     2594.00 15.34   
18/06/2015 14.02 7.13 311.60 7.87 4.40 6.66 9.60 158.80 33.40 145.00 1.21   78.40 2616.80 
 
  
25/06/2015 15.08 7.19 286.60 7.36 9.60 6.37 7.20 153.60 11.50 246.20 0.74 10.40 208.00 2907.20 
 
  
2/07/2015 11.34 8.05 299.20 6.85 4.80 4.73 8.40 104.80 5.00 253.20 1.04 10.20 131.40 1298.20 
 
  
9/07/2015 10.48 8.09 308.80 7.00 5.00 4.96 13.60 166.80     0.74 8.20 142.40 1606.20 14.29   
16/07/2015 11.84 8.07 254.20 7.81 6.20 5.36 9.40 278.80   159.00 1.02 9.20 184.60 1337.40 
 
  
23/07/2015 12.58 8.86 304.80 7.82 6.40 5.71 9.80 168.40   285.60 0.80 10.00 164.80 1539.40 15.41   




13/04/2016 22.20 7.31 485.40 4.40 7.08 7.15 3.20 85.60 50.60     10.70 150.98       
27/04/2016 19.06 5.41 331.40 5.40 7.13 6.42         3.50 5.20 172.60     60.00 
11/05/2016 17.23 6.26 338.67 4.33 7.21 6.29         1.47 9.00 194.00     49.35 
1/06/2016 15.43 7.09 266.83 6.17 7.01 6.66 21.33 256.17 47.00 216.00 3.00 5.67 216.25 885.00 1105.17 165.71 
15/06/2016 14.17 7.10 279.67 8.17 7.26 6.54 25.00 243.50 139.00   2.34 6.67 139.83 619.50 1370.50 29.09 
29/06/2016 12.73 7.74 268.83 5.17 6.86 7.10 27.67 237.00 33.00 368.42 1.62 10.75 189.33 871.83 620.33 12.99 
13/07/2016 12.53 7.98 328.83 12.00 6.96 6.44 19.17 213.00 55.17 342.00 2.60 45.67 217.33 1268.17 1323.17   
2/08/2016 14.53 8.80 282.00 5.50 7.21 6.38 17.33 165.00 78.67 377.33 3.85 32.00 180.17 1085.00 560.00   
18/08/2016 16.90 8.94 290.17 4.17 6.87 5.21 16.50 152.50 162.33 273.17 2.39 13.67 186.17 685.67 476.67 8.05 
6/09/2016 18.13 9.93 280.50 3.33 7.04 5.58 13.80 73.60 52.60 285.00 2.59 23.00 188.80 983.20 302.40 9.62 
15/09/2016 19.78 8.81 282.17 4.00 7.24 5.46 11.17 56.17 76.67 214.25 1.61 12.17 168.33 847.67 321.67   
2/10/2016 18.45 8.51 284.50 4.00 7.62 5.87 12.00 44.83 63.00 39.50 1.51 3.40 144.00 608.33 20.83   
19/10/2016 20.23 8.50 324.17 6.83 7.39 5.29 10.67 26.00 128.08 67.50 1.52 15.67 211.83 196.25 151.17 5.53 
3/11/2016 23.38 7.68 316.25 5.25 6.96 5.52 4.50 39.13 22.00 14.00 1.25 13.25 180.25     3.89 
27/11/2016 25.15 6.58 336.50 5.00 7.86 5.39 3.25 19.50 160.75 5.88 2.43 7.50 202.50 633.75 1764.50 16.57 
13/12/2016 27.88 6.61 346.75 4.25 7.76 6.07 3.25 29.00 22.88 
 
2.29 15.00 214.75 468.75 735.38 4.91 
18/01/2017 32.25 6.43 333.75 4.00 7.57 5.96 4.25 13.75   17.00 1.34 7.50 210.00 333.25 555.50 18.36 
2/02/2017 26.58 7.39 345.75 3.25 7.24 5.55 5.25 50.00 21.50 
 
1.52 1.25 205.00 172.67 109.75 9.53 
18/02/2017 28.18 6.92 340.50 5.25 7.34 5.62 17.63 125.38   107.50 2.55 66.00 282.00 854.50 47.50 6.00 
30/03/2017 22.18 7.19 256.25 7.75 7.65 6.01 48.63 86.25 79.75 197.50 5.10 2.75 178.25 515.50 290.00 2.89 
27/04/2017 21.65 8.77 264.50 3.50 7.70 6.14 16.50 142.13 9.00 121.63 2.77 1.00 190.00 593.25 629.00 11.96 
12/05/2017 17.47 7.77 262.67 7.67 7.50 5.91 15.67 139.83 37.83 120.17 3.88 102.33 185.67 571.67 187.33 8.00 
22/05/2017 18.90 6.76 272.50 1.50 7.51 5.79 13.75 114.25 5.25 152.13 1.08 3.25 193.00 2218.25 82.75 1.17 
26/06/2017 17.05 7.90 283.50 11.25 7.54 5.35 11.25 51.13 59.38 201.50 2.63   1995.25 765.00   24.40 

























































































































































11/02/2015 23.15 6.98 800.50 4.00 7.17 14.02 1.50 131.50 396.50 1.50 2.02 10.00 520.00 2728.50     
18/02/2015 24.60 3.62 477.00 3.50 7.12 12.47 0.50 79.00 234.00 5.00 3.08 55.00 695.00 3166.00     
26/02/2015 23.30 4.73 590.50 4.00 7.02 12.89 0.00 43.00 225.00 5.00 2.33 35.00 320.00 2164.00 96.83   
5/03/2015 23.25 7.66 389.00 3.50 8.09 16.02 0.00 36.00 399.00 11.00 3.68 35.00 415.00 2475.00 37.57   
12/03/2015 23.60 5.91 165.50 5.00 8.29 9.63 12.00 155.00 319.50 60.10 6.00 10.00 140.00 3700.50 276.91   
19/03/2015 22.95 5.27 596.00 5.00 7.15 11.69 2.00 33.00 937.00 0.50 6.76 25.00 315.00 1980.00 514.00   
26/03/2015 22.25 5.53 451.00 3.50 7.36 11.97 18.00 123.50 364.50 127.00 1.16 10.00 185.00 6118.50 180.11   
2/04/2015 21.95 5.12 421.50 2.50 7.28 7.92 21.00 148.00 471.00 215.00 2.94 45.00 210.00 4735.00 87.17   
9/04/2015 19.90 5.37 506.50 3.50 7.89 11.82 29.00 211.50 252.50 90.00 1.79 0.00 335.00 9600.50 50.95   
16/04/2015 20.60 8.07 186.60 6.00 8.31 6.03 32.00 426.50 431.50 703.50 2.29 10.00 35.00 7210.00 189.74   
23/04/2015 17.00 7.12 432.00 13.00 7.49   669.50 110.00 519.50 18.50 1.18 35.00 165.00   360.38   
15/05/2015 15.05 4.89 623.50 7.00   8.05 5.00 639.00 42.50 218.00 2.27 13.50   3703.00 193.42   
21/05/2015 17.35 5.73 563.50 5.50 7.98 11.10 34.00 549.50 77.50 121.50 3.10 16.50   4469.00 220.21   
28/05/2015 14.25 7.83 486.50 3.50 7.44 8.86 29.00 252.50 41.00 115.00 1.71 6.50   2975.00 56.99   
4/06/2015 12.05 6.48 645.50 4.50 7.17 7.39 20.60 612.00 23.10 95.20 1.69 11.00   3297.50 16.08   
11/06/2015 14.10 6.06 571.00 4.00 7.50 8.20 8.50 524.50 8.00 57.50 1.46     3025.50 15.80   
18/06/2015 14.60 7.32 331.00 6.00 8.16 6.55 13.00 195.50 68.00 155.50 1.93   196.50 3379.50 18.89   
25/06/2015 15.15 5.35 484.00 4.50 7.41 9.95 15.50 1208.00 46.50 103.50 2.56 4.50 511.50 8570.50 24.69   
2/07/2015 11.05 7.32 440.50 5.00 6.75 6.98 25.50 182.00 29.00 249.00 1.59 16.50 289.50 2065.00 21.70   
9/07/2015 9.35 7.65 518.00 4.00 6.94 6.21 19.50 263.00     1.82 5.50 423.50 1382.00 16.05   
16/07/2015 12.15 8.19 299.50 5.00 8.16 5.62 12.50 276.00   208.50 2.84 10.00 236.00 1563.00 7.33   
23/07/2015 13.15 9.64 451.50 11.00 7.89 7.49 33.50 283.50   380.00 3.13 8.50 364.50 2354.50 16.92   




13/04/2016 21.00 7.26 778.50 8.50 7.10 9.90 74.50 1216.00 496.00     14.50 593.00       
27/04/2016 17.20 6.87 416.00 8.00 7.17 6.50         5.78 0.00 239.00     175.32 
11/05/2016 15.65 6.00 433.50 7.00 7.22 6.87         3.24 10.00 264.25     79.22 
1/06/2016 15.20 8.93 149.15 11.00 7.18 6.30 41.50 371.00 191.00 458.50 4.27 15.25 145.00 1434.16 907.46 75.32 
15/06/2016 12.50 6.45 1063.50 5.50 7.07 9.11 20.50 625.50 187.00   3.28 0.00 631.00 14.88 1255.86 8.44 
29/06/2016 10.75 9.07 301.00 5.50 6.71 6.62 30.00 283.00 37.25 337.00 1.58 13.75 196.00 801.75 731.00 8.44 
13/07/2016 11.75 7.92 806.00 8.00 6.98 13.61 29.50 375.00 83.25 210.50 1.51 17.00 566.00 835.00 905.50   
2/08/2016 14.60 5.94 1387.00 13.00 7.14 16.05 3.00   634.50   6.87 9.50 361.00 1711.00 1647.00   
18/08/2016 14.80 7.89 907.50 5.50 6.94 7.49 22.50 491.75 249.25 118.50 2.28     580.50 987.00 21.43 
6/09/2016 16.95 9.80 287.00 6.00 7.17 5.54 15.50 99.50 42.00 260.25 1.69 16.00 173.50 1260.75 556.00 12.29 
15/09/2016 18.60 6.34 559.00 2.50 6.61 7.29 26.00 275.75 117.00 367.25 2.06 5.00 352.00 889.00 504.00   
2/10/2016 16.35 7.09 819.50 3.50 7.51 8.48 20.00 721.25 214.75 33.50 2.97 8.00 484.00 936.50 371.50   
19/10/2016 18.95 5.98 483.50 10.50 6.87 9.08 26.25 494.75 220.25 137.00 4.18 22.50 319.00 1113.50 821.75 6.05 
3/11/2016 19.35 5.60 1339.50 13.00 6.98 9.59 5.50 1103.00 223.50  4.03 48.00 828.50     4.91 
27/11/2016 24.20 4.95 657.00 33.00 7.88 11.92 2.00 132.00 311.50  5.95 37.50 469.00 1361.00 1745.50 54.91 
13/12/2016 27.25 4.86 745.50 24.00 7.31 10.03 4.50 161.75 83.25  4.07 353.00 1374.50 1597.50 1143.25 695.62 
18/01/2017 32.50 5.58 1082.00 13.50 7.29 9.71 4.00 12.50 101.50 2.00 6.54 60.00 796.00 968.50 927.00 297.35 
2/02/2017 25.20 5.67 319.50 14.00 6.86 12.86 44.00 267.00 191.00 197.50 6.60 15.00 224.50 1550.00 396.00 73.98 
18/02/2017 27.70 6.26 354.50 8.00 6.88 7.80 68.25 179.75   450.25 4.06 21.00 290.50 944.00 320.00 4.74 
30/03/2017 22.05 6.94 277.00 7.00 7.48 6.85 47.50 52.50 70.00 371.50 5.01 5.00 194.00 921.50 460.50 2.44 
27/04/2017 18.55 6.16 1070.00 10.50 7.66 10.31 11.00 357.00 96.50 58.75 5.62 2.00 729.50 648.25 595.00 19.07 
12/05/2017 16.15 8.72 808.50 28.50 7.40 9.47 42.50 1886.00 111.50 108.00 6.42 51.50 608.00 1338.50 358.00 37.73 
22/05/2017 18.15 6.07 333.50 1.00 7.15 5.90 43.50 290.00 44.00 283.50 1.78 9.00 249.50 1768.00 182.00 36.85 
26/06/2017 16.70 9.03 583.50 5.50 7.57 6.10 14.50 185.75 62.50 135.00 2.02 3.50 328.50 631.00   13.43 
































































































4/08/2016 18 10 134 124 56 40 1102 589.5           
24/08/2016 40.2 11 135 124 37 38 534 600           71   
2/09/2016 7.8 10 174 164 61 71 500 1035 20.9 9.58 50.3 6.67 11 64 1 
18/09/2016 9.2 39 488 449 157 40 1348 322 22.2 8.11 171.4 6.87 41 183 35 
7/12/2016 12 35 176 141 100 15 1338 3252 24.5 6.95 210.6 8.1 18 270 33 
17/12/2016 28.4 6 253 247 16 48 659 872   8.32 65.5 8.42 22 80 28 
6/01/2017 32.4 20 501.5 481.5 53.5 274 1028 1218 25.6 7.69 170.9 6.66 41 127 17 
7/02/2017 24.8 9 95 86 51 19 1209.5 51 28 7.05 142.7 6.94 7 82 1 
1/03/2017 10.4 59 1162.5 1103.5 74 165.5 2970.5     8.06 179.4 7.33 39 193 13 
2/03/2017 16.4 11 455.5 444.5 57 192.5 1166 312     80 7.26 10 49 6 
15/03/2017 33 10 308 298 75 26 1211 274     137.8 6.71 47 113 3 
22/03/2017 18.2 19 400 381 24 43 1027 512       7.2 10 161 28 
30/03/2017 33.2 16 288 272 95 81 730 647 21.1 8.33 46.2   20 51 26 
7/06/2017 50.2 14 178 164 6 55 610   18.5 9.1 86.7 7.96 3 43 1 
31/07/2017 8.6 5 377.5 372.5 61 66 1452 562   9.99 111.5 7.64 19 39 14 

































































































4/08/2016 18 28.5 396 367.5 189 24.5 1573 240 
     
    
24/08/2016 40.2 30 512 482 125 4 1242 837 
     
206   
2/09/2016 7.8 20 491 471 104 62 459 1273 20.9 9.23 163.9 6.62 65 181 32 
18/09/2016 9.2 39 515 476 163 61 1305 692 22.2 8.32 180 6.84 46 199 61 
7/12/2016 12 6 190 184 44 10 1091 185 24.4 7.03 225 8.01 17 271 35 
17/12/2016 28.4 44 196.5 152.5 181.5 16 1348.5 183.5   8.46 223.5 8.15 66 221.5 48.5 
6/01/2016 32.4 43.5 344.5 301 109.25 296 1215.5 320 24.9 7.855 180.85 6.89 45.5 153 24 
7/02/2017 24.8 7 363.75 356.75 24.25 42.5 1065.5 24 27.3 7.055 160.15 6.96 19.5 100.5 12.5 
1/03/2017 10.4 10.5 185 174.5 48 204 4525 304.5   8.28 84.9 7.43 48 150 23 
2/03/2017 16.4 10 239 229 37 118.5 789       87.7 7.19 24 59 16 
15/03/2017 33 19 312 293 80 18 756 92     150.9 6.73 35 77 4 
22/03/2017   17 358 341 20 17 1057 19       7.25 13 33 2 
30/03/2017   33 298 265 114 41 883 471 22.6 7.26 186.4   21 170 1 
7/06/2017 50.2 8 291 283 0 24 643 
 
18.5 9.37 180.5 7.71 16 142 14 
31/07/2017 8.6 2 351 349 28 16 1521 382   8.89 217.3 7.36 41 124 44 

































































































5/06/2016 169 34 260 226 62 300 835.85 986.7               
19/06/2016 23.9 18 520 502 89 147 753 741               
20/07/2016 41.7 4 900 896 7 181 1112 731           464 13.5 
5/08/2016 7.4 17 384 367 2 60 1986 713           154   
24/08/2016 34.5 22 987 965 197 449 1885 680           140   
2/09/2016 27.7 37 1127 1090 293 251 3141 646 20.9 9.61 209.9 6.8 15 171 5 
17/12/2016 47.8 48 1428 1380 82 152 3397.5 249   8.58 471 7.94 12 310 13 
6/01/2017 7.4 32 382 350 83 165.5 1154 465 26.8 3.78 294 7.6 5 152 1 
28/02/2017 32.5 26 424 398 116.5 162 942 390.5   8.26 141.1 7.01 7 124 10 
2/03/2017 14.2 29 1008.5 979.5 137 178 1590 511     150.2 7.3 4 76 13 































































































31/05/2016 7.1 32 187 155 590 152 1148.533 1110.817 
       
4/06/2016 7.2 53 453 400 225 81 1554.9 480.5833 
       
5/06/2016 169 23 400 377 211 99 1362.667 837.0667 
       
5/06/2016 176.2 38 417 379 220 145 1417.417 150.8667 
       
19/06/2016 23.9 24.5 260 235.5 113 147 
 
1265 
       
8/07/2016 11.4 30 355 325 312 64 1226 1474 
     
211 15 
20/07/2016 41.7 29 438 409 265 47 763 440 
     
157 1 
5/08/2016 7.4 20 341 321 251 6 1501 859 
     
142 
 
24/08/2016 34.5 19 397 378 99 178 441 847 
     
74 
 
2/09/2016 27.7 25 659 634 227 221 1491 1130 20.9 9.7 131.6 6.82 12 124 12 
18/09/2016 12 15 215 200 80 63 675 
 
22.2 8.47 278 6.97 1 167 3 
17/12/2016 47.8 17 805.5 788.5 89.5 96 1435 129.5 
 
8.35 134.8 8.14 8 63 7 
6/01/2017 7.4 17 285 268 68 123 979.5 1391 27.3 7.48 95 7.79 11 25 4 




3 223 12 
2/03/2017 14.2 21 726 705 127 178.5 1821 454 
  
98.1 7.3 2 50 3 
14/03/2017 62 22 519 497 135 51 1497 434 
  
129.6 7.05 3 50 1 
30/03/2017 25.4 25 425 400 53 72 704 92 20.8 8.49 114 7.34 1 100 1 
7/06/2017 51.3 18 282 264 179 38 639 
 
17.3 8.9 254 7.7 2 149 1 
31/07/2017 6.6 38 463 425 1111.5 130 2739 321 18.6 10.04 377 7.41 1 196 14 
3/08/2017 6.9 13 197 184 290 7 1218 16 
 































































































5/06/2016 169 16 216 200 194 512 2024.533 654.5667 
       
19/06/2016 23.9 24 244 220 97 202 962 1013 
       
8/07/2016 11.4 21 408 387 93 278 457 831 
     
112 28 
20/07/2016 41.7 26 401 375 119 77 595.5 565 
     
83 1 
5/08/2016 7.4 30 550 520 46 13 1564 313 
     
208 
 
24/08/2016 34.5 23 451 428 109 254 1067 1080 
     
121 
 
2/09/2016 27.7 21 377 356 115 94 840 391 21 9.56 117.6 6.98 12 125 23 
18/09/2016 12 15 216 201 26 46 864 395 22.2 7.49 323 6.95 19 196 18 
17/12/2016 47.8 16.75 332.25 315.5 45.25 24 850 56 
 
8.195 113.3 8.115 5 59 12.5 
6/01/2017 7.4 3 6 3 29 107 903 30 28 7.78 255 7.59 7 129 1 
28/02/2017 32.5 24 403 379 73 126 1376 322 
 
9.12 124.3 6.58 2 106 3 
2/03/2017 14.2 12 75 63 46 110 898 179.5 
  
271 7.06 2 152 6 
14/03/2017 62 16 821 805 56 125 1658.5 463 
  
148.7 7.61 6 60 1 
30/03/2017 25.4 11 250 239 48.5 72 599 80 21.5 5.77 155.9 7.34 3 123 3 
6-7/6/2017 51.3 17 255 238 101 60 637 
 
17.3 9.25 85.2 7.9 2 67 1 
31/07/2017 6.6 7 246 239 248 7 1215 14 
 
9.12 478 7.26 31 229 1 
3/08/2017 6.9 11 216 205 123.5 7 1036 159 
 

































































































6/06/2016 169 32 403 371 189 90 1357.8 708.1 
       
19/06/2016 23.9 21 356 335 201 74 581 741 
       
8/07/2016 11.4 19 419 400 55 83 1147 1301 
     
190 6 
20/07/2016 41.7 17 439 422 37 70 585.5 668 
     
158 1 
5/08/2016 7.4 9 391 382 34 24 1263 159 
     
142 
 
24/08/2016 34.5 11 345 334 63 59 386 485 
     
191 
 
2/09/2016 27.7 7 345 338 38 49 774 216 21 7.13 303 6.88 2 194 2 
18/09/2016 12 12 308 296 105 40 755 505 22.2 7.49 323 6.95 19 171 1 
17/12/2016 47.8 5 61 56 83 20 607 491 
 
7.82 341 8.25 5 175 10 
6/01/2017 7.4 4 68 64 92 174 556 1297 27.4 7.44 331 7.58 6 167 1 
28/02/2017 32.5 5 87 82 100 83.5 1101 355 
 
8.82 327 7.29 2 215 4 
2/03/2017 14.2 5 67 62 80.5 309.5 999 
   
330 7.17 1 191 9 
14/03/2017 62 9 87 78 162 22 554 400.5 
  
305 7.47 1 121 1 
30/03/2017 25.4 24 152 128 168 71 503 421 22.7 6.69 258 7.68 3 193 1 
6-7/6/2017 51.3 18 209 191 205 27 554 
 
17.3 8.54 251 7.7 1 147 1 
31/07/2017 6.6 0 244 244 122 14 2945 480 17.7 7.41 299 7.43 1 260 14 
3/08/2017 6.9 0 320 320 83 17 3369 470 
 







Appendix 2  












They are generally multiple choice questions, please place an X mark against the 
appropriate answer. 
Please say not applicable (N/A), if a question or questions are not applicable to you. 




Questions regarding household and general health: 
1. How many people live in your household? ………………………………………………. 
 
2. How long have you been living in this area? .................................................. 
 
3. Do you have children?  Yes / no  
 If yes, number of children: ………………………………….. 
        
Questions regarding the lake system: 
4. How much impact did the local lake have on your decision to live in this area?  
 Significant impact 
 Moderate impact 
 Minor impact 
 No impact 
 
5. In your opinion, in what way does the lake system influence property price in the 
area? 
 Positively 
 No impact 
 Negatively 
 
6. In your opinion, what is the magnitude of impact on the value of your property? 
 Above 20% 
 10 to 20% 
 0 to 10% 
 0% 
 0 to -5% 
 – 5 to -10% 
 
7. How much does the quality of the water in the lake impact the property value? 
 Significant impact 
 Moderate impact 
 Minor impact 
 No impact 
 Do not know 
 
8. How often do you visit the lake? 
 Twice a day 
 Once a day 
 Once every 2-3 days 
 Once a week 





 Not at all 
 




 Walking pets 
 Feeding ducks 
 Meeting friends 




10. What attracts you to the lake/parkland area (number them in the order of 
importance; 1 being the highest): 
 Water in the lake 
 Greenness in the parkland 
 Exercise equipment 
 Walking trails 
 Birds and aquatic animals  




11. What equipment does your child use? 










 Using the exercise equipment 
Specify: ……………………………………………….. 
 Other 
Specify: …………………………………………..  
 
13. How frequently do you make use of the exercise equipment provided in the 
lake/parkland area?  
 Daily 




 3-4 times per week 
 A few times per month 
 Never 
 







15. What impact does living by the lake and associated park land have on your mental 
well-being? 
 Significant impact 
 Moderate impact 
 Minor impact 
 No impact 
 Do not know 
 
16. What impact does living by the lake and associated park land have on your physical 
well-being? 
 Significant impact 
 Moderate impact 
 Minor impact 
 No impact 
 Do not know 
 
17. Has access to the lake and associated parkland improved your quality of life?  
 Yes 
 No  
 Do not know 
 
18. Would you walk/exercise irrespective of the lake/parkland?  
 Yes 




19. How much impact has living by the lake and associated parkland had on increasing 
your physical activity level? 
 Significant impact 
 Moderate impact 




 No impact 
 
20. What changes have you observed with respect to water quality in the lake so far? 
 Positive 
 Negative 
 No fluctuations observed 
 













 Very Poor 
 




 Spring  
 






 Very Poor 
 











26. How much personal responsibility do you take for the lake/parkland with respect to 
cleanliness of the park area? 
 High 
 Moderate 
 No responsibility 
 
27. Who do you feel needs to take responsibility for the following (check all that 
applies)? 
Activity Council Developers Residents/ 
Volunteers/Community 
Other 
Maintaining lake and 
associated parkland 
    
Monitoring the water 
quality of the lake 
    
Communicating with 
the public regarding 
any issues 
    
Aquatic organism 
management 




    
Vegetation 
maintenance 
    





28. What is the size of your backyard and front-yard (excluding the built-up area)? 
 501-600 m2 
 401-500 m2 
 301-400 m2 
 201-300 m2 
 101 – 200 m2 




29. How often do you do the following activities? 
Activity Never Once in a 
month 
Once in a 
season 
(quarter) 
Once in a year 
Wash your car on 
the 
street/pavement 
    








to manage pests 
    
 




31. Which of the following statements relates to you? 
 I own the house I currently live in 
 I rent 
 Other 
Specify……………………………………….. 
32. Proximity to the lake 
 Directly adjacent to the lake 
 Within 100 m 
 101 - 200 m 
 201 – 300 m 
 301 – 400 m 
 401 – 500 m 
 Over 500 m 
33. Type of house 
 Single detached house with front and back-yards 
 Villa 
 Townhouse or apartment 
 Other  
Specify……………………………………….. 
34. Your house has: 
 Bedrooms: ……………………………. 
 Bathrooms: ………………………….. 
 Number of storeys: ……………… 
 Number of garages: ………………… 
 Number of living areas: …………………….. 
 Approximate value of your house: …………………… 
35. How long do you have to travel to reach the lake? 
 0 – 5 min 
 6 to 10 min 
 11 - 20 min 
 21 – 30 min 
 Over 30 min 
 


















2.2: Wattle Grove Complete Results 
 
1) How many people live in your household? 
 
2) How long have you been living in this area? 
 









5) In your opinion, in what way does the lake system influence property price in the area? 
 










8) How often do you visit the lake? 
 
9) What activities do you and your family usually do around the lake? 
 





11) What types of exercise do you engage in within the lake and parkland area? 
 
12) What kind of improvement would you like to see regarding the lake and the associated park 
area? 
1. Cleaner water (2) 
2. Toilets and a drinking fountain/tap (2) 
3. water quality (2) 
4. Cleaner, picnic benches, shade (2) 
5. Bring it back to its former glory when people had their wedding photos taken down 
there 
6. Cleaner 
7. BBQ covered areas 
8. more bins and shade 
9. more stormwater management to reduce refuse washed into lake. 
10. Keep the fountains operational and the water cleaner 
11. Toilets and a fence the whole way around the lake. 
12. Clean the water- its filthy 
13. More for picnic area 
14. Improved water quality and litter control 
15. Nothing 
16. More native vegetation 
17. BBQ facilities 
18. Lake being cleaner 





20. Possibly more rubbish bins 
21. Kept clean and manicured 
22. Stop people feeding the ducks and better inflow screening of the drains that feed into 
the lake 
23. Get the fountains to work properly 
24. Water quality 
25. Improve the over overall cleanliness. Water always looks dirty and rubbish in the lake. 
26. Fence around it. Always worried my kids will fall in 
27. Keep the water clean and eel free 
28. Better play equipment. Fairfield area is a great example. Rope climbing domes and 
other modern equipment 
29. Improved cleanliness 
30. Improvement in water quality and air quality around rubbish disposal areas. More 
rubbish bins required. More shelter areas not just near playground equipment. I enjoy 
going to lake to read but no shelter apart from above play area. 
31. Water needs to be cleaned 
32. Water quality, animal safety and bigger variety playground equipment 
33. Dog fenced area 
34. The lake needs to be cleaned a bit more regularly and it should be also imposed upon 
the community to maintain the lake and it's surroundings. 
35. Water purification 
36. Toilets more tables and shaded areas 
37. A fence around the playground so kids don't run towards the water 
38. Cafe/Coffee Shop either permanently fixed or mobile to attract more families 
39. A Toilet block for sure!! 
40. More exercise equipment and kids play equipment. 
41. Bubblers, rule to have pets on leash and some more shade 
42. Keeping the area tidy especially the water 
43. Better signage about not feeding ducks. More bins. 
44. Cleaner water, stop poachers CCTV 
45. Rear In, off street, angled parking 
46. Regular maintenance in the water quality 
47. Water filtration and better facilities for dogs, I.e more dog poop bags 
48. Cleaning the water please 
49. The lake to be maintained on a regular basis. Cleaning the water quality. Trim the 
branches on the bush. Drinking fountains for dogs too. More shade to sit under. Rather 
than go against the community to stop feeding the ducks, work with the community to 
educate them on what proper food to feed the ducks. 


















14) What impact does living by the lake have on your physical well-being? 
 









16) Would you walk/exercise irrespective of the lake/parkland? 
 
17) What changes have you observed with respect to water quality in the lake so far? 
 




4. Contacted council 
5. Ensuring all our rubbish going in bins provided 
6. (Possible typo error) I clean around the lake Ina regular basis 
7. Told many to stop feeding the ducks 
8. No. Enjoy looking at it more often. 
9. what changes? 
10. Pick up rubbish 
11. I've contacted the council 




16. Pick up floating bottles and bin plastic bags 
17. Spoke to council, educated people on not to feed ducks 
18. I pick up litter that is left on the paths 
19. Complaints to council falls on deaf ears 




21. Yes, absolutely. Rang the council to tell them about the poor quality of the water and 
how it is affecting the wild life. Rang RSPCA about injured ducks to be checked over. 
Taken photos. I even offered to volunteer to clean the lake my self in a canoe. 
  
19)  What rating would you give to quality of the water in the lake? 
 
20) Is there a season or seasons in which you find the water particularly bad? 
 





22)  Are there any concerns regarding the lake/parkland on human/environmental health? 
1. No 
2. yes 
3. The lack of toilets leads to people urinate in the bushes etc damaging gardens 
4. Yes 
5. water quality 
6. Rocks around pathways - dangerous if kids fall 
7. Water quality 
8. The rubbish dumping 
9. Use of park by drug users and discarded needles 
10. Rubish/people deliberately hurting/killing/disturbing birds and ecosystem. 
11. The amount of rubbish collected in the lake 
12. Mosquitoes (son caught Ross river fever, age 10) 
13. Water quality and been seen needles in/around lake 
14. Nope. 
15. It would be nice if the lake was cleaner but this doesn't really impact on human health at the 
moment 
16. Concerned regarding water quality 
17. Bird poo all around the walk ways 
18. Only if the water quality is poor. 
19. Too much sun exposure ie not enough sheltered areas. 
20. Rubbish. Need more fencing for kids 
21. Worried about ducks/aquatic life 
22. Rubbish in lake 
23. Yes. Concerned due to past use of land as an army firing range and evidence of this use on 
higher ground in Pedder Court close to DELFIN Drive eg old lead bullet shells in soil. 
24. Lack of bins 
25. The Eels are a concern as they kill the baby swans and I'd hate to see a child fall in there, 
they are extremely large eels. 
26. Everyone feeds the wildlife which is detrimental to their health. The litter and drainage is poor 
in the area. It floods regularly and fills with rubbish from the streets. 
27. Dirty water, scum within the water 
28. Water quality smell at times 
29. N/A 
30. Water fountains would be good for humans and dogs. 
 






24)  What is the size of your backyard and front-yard (excluding the built-up area)? 
 
25)  How often do you do the following activities? 
 
26)  If you use fertilisers or weed killers, what brand do you use and how much do you use each 
year? 
1. Unsure 
2. Whatever is on sale I use lawn fert once a year around spring 
3. n/a 




8. Zero weed and feed 1 bottle quarterly 
9. Roundup 
10. Bin-die - for bindie control 
11. Unknown - 1 litre 
12. Mortine twice a year and weed and feed a few times a year 
13. N/A 
14. Scott's 
15. Natural chicken manure 
16. Roundup on weeds 





19. Yates zero (1-2L pa) & Shirleys #17 (1 Large bag per annum) 
20. Seasol 
21. whatever is on special at bunnings. 
22. na 
23. A bottle and white vinegar and sugar to get rid of ants. 
24. Natural fertiliser (worms) 
25. Don't know brand 
26. Bunnings, maybe 2 litres a year. 
27. Not much. Try to stick to natural ingredients 
28. Various 
29. Round up and Yates 
30. Don't use 
31. Scotts Slow Release Lawn Builder 
32. not sure what my husband buys? 
33. Weed and feed 
34. Seasol1-2 bottles, cow manure 2 bagsand rooster booster 1/2 bag 
35. Weed and feed yearly. 
36. Eco friendly twice a year 
37. Monsanto, Amagrow 
38. Not sure 
39. Don't know 
40. Idk 
 











28)  Proximity to the lake.
 
29)  How long do you have to travel to reach the lake? 
 






2.3: Woodcroft Complete Results 
 
1) How many people live in your household? 
 
2) How long have you been living in this area? 
 







4) How much impact did Woodcroft Lake have on your decision to live in this area? 
 
5) In your opinion, in what way does the lake system influence property price in the area? 
 






7) How much does the quality of the water in the lake impact the property value? 
 
8) How often do you visit the lake? 
 








10) What attracts you to the lake/parkland area? 
 
11) What types of exercise do you engage in within the lake and parkland area? 
 
12) What kind of improvement would you like to see regarding the lake and the associated park 
area? 
1. Improvements with the parking and cleanliness 
2. Nothing much 
3. More swings 
4. Improved landscaping. Nothing has been improved for many years. 
5. A bigger exercise area and the kids area needs an upgrade - the lake overall could do 
with a clean up and picnic areas upgraded 
6. A park area for little kids. 
7. Cleaner benches and more frequent maintenance 
8. More seats with shelter and BBQs 
9. More seats and shade 
10. Fence around the lake 
11. Cleaner water 
12. Cleaner lake areas-less mess 
13. More playground for kids and more exercise equipment. Also security in the area. 
14. To look a little bit clearer; and water to some how be cleaned more often or filtered 
15. Provide exercise equipment to benefit the general public to maintain healthy lifestyle 
16. Grass and plants 
17. Toilet facilities and more BBQs 




19. Cleaning up BBQ upgrade-family friends Too dull-maybe grass 
20. Maintained- lake & water & landscape 
21. Wetland- appearance Maintenance of landscape Lighting not working-12 not working 
and 5 solar panels not working Exposed cable in water 
22. Proper play area for beds 
23. BBQs 
24. Removal of some dark foliage 
 
13) What impact does living by the lake have on your mental well-being? 
 












15) Has access to the lake improved your quality of life? 
 
16) Would you walk/exercise irrespective of the lake/parkland? 
 







18) Have taken any steps in response to the changes? 
1. No 
2. No 
3. Picking up rubbish 
4. No. Not sure I can do anything? 
5. It makes it more enjoyable to look at when the water quality is good 
6. No, I find that the water always tends to fluctuate and I just observe it as it is. 
7. no 
8. No, not yet 
9. Nil 
 
19) What rating would you give to quality of the water in the lake? 
 










21) How is the associated parkland maintained and landscaped with respect to recreational use? 
 




4. Lots of bird droppings around shores. 
5. Cleanliness 
6. No 
7. Dog poo everywhere 
8. Yes, the playground cleanliness and tables and chains 
9. Safety 
10. Rubbish going in the lake 
11. Trolleys & keep it a haven for birds. Trimming trees Safety 
12. Noisy scooters at times Feeding ducks 
13. More lights 
 









24) What is the size of your backyard and front-yard (excluding the built-up area)? 
 
25) How often do you do the following activities? 
 
26) If you use fertilisers or weed killers, what brand do you use and how much do you use each 
year? 
1. DEFENDER, around 500ml 
2. Once a year any brand 
3. Bindi weed killer, Lawn grub sand just this year (had an invasion of grubs and nearly 
lost lawn altogether), Shirley 17 fertiliser(every second year). All from Bunnings. Don't 
know specific brands as not packets at home just now. 
4. Any brand 
5. Zero 
6. Mortein 
7. 4 times a year 
8. Bindi pellets 
9. Round up, 4 Litres 
10. Yates 1 bag/year 
11. Paxton-25 per year 
12. 1 bag/year 
13. Mortein (5 cans) 






27) Which of the following statements relates to you? 
 
28) Proximity to the lake. 
 
















3.1 Wattle Grove Properties (all characteristics) 
 
Source DF Adj SS Adj MS F-Value P-Value 
Regression 12 14.7044 1.22536 104.86 0.000 
  Year Sold 1 6.6813 6.68130 571.77 0.000 
  Bedrooms 1 0.1768 0.17675 15.13 0.000 
  Bathrooms 1 0.5735 0.57348 49.08 0.000 
  Car Space 1 0.1016 0.10165 8.70 0.003 
  Lot Size (m2) 1 0.5743 0.57430 49.15 0.000 
  Distance to Lake - Driving (km) 1 0.0021 0.00215 0.18 0.668 
  Distance drive to shops(km) 1 0.0441 0.04412 3.78 0.053 
  Distance to day care (km) 1 0.0011 0.00110 0.09 0.760 
  Distance to school (km) 1 0.0373 0.03726 3.19 0.075 
  Distance to high school (km) 1 0.0071 0.00707 0.61 0.437 
  Distance to hospital (km) 1 0.0055 0.00554 0.47 0.492 
  Distance to train station (km) 1 0.0035 0.00348 0.30 0.586 
Error 317 3.7043 0.01169       
Total 329 18.4086          
 
Term Coef SE Coef T-Value P-Value VIF 
Constant -203.03 9.05 -22.44 0.000***    
Year Sold 0.10730 0.00449 23.91 0.000*** 1.06 
Bedrooms 0.0483 0.0124 3.89 0.000*** 2.01 
Bathrooms 0.0846 0.0121 7.01 0.000*** 1.75 
Car Space 0.0324 0.0110 2.95 0.003*** 1.52 
Lot Size (m2) 0.000411 0.000059 7.01 0.000*** 2.10 
Distance to Lake - Driving (km) 0.0152 0.0355 0.43 0.668 12.39 
Distance drive to shops(km) -0.0953 0.0491 -1.94 0.053** 21.32 
Distance to day care (km) 0.0068 0.0223 0.31 0.760 9.80 
Distance to school (km) -0.0402 0.0225 -1.79 0.075 6.98 
Distance to high school (km) 0.0376 0.0483 0.78 0.437 24.04 
Distance to hospital (km) -0.083 0.120 -0.69 0.492 150.85 





S R-sq R-sq(adj) R-sq(pred) 
0.108099 79.88% 79.12% 77.99% 
 
ln Property Price = -203.03 + 0.10730 Year Sold + 0.0483 Bedrooms + 0.0846 Bathrooms 
+ 0.0324 Car Space + 0.000411 Lot Size (m2) 
+ 0.0152 Distance to Lake - Driving (km) 
- 0.0953 Distance drive to shops(km) + 0.0068 Distance to day care (km) 
- 0.0402 Distance to school (km) + 0.0376 Distance to high school (km) 






3.2 Wattle Grove Properties (only distance to lake) 
 
Source DF Adj SS Adj MS F-Value P-Value 
Regression 6 14.2305 2.37175 183.35 0.000 
  Year Sold 1 7.1095 7.10954 549.62 0.000 
  Bedrooms 1 0.1682 0.16816 13.00 0.000 
  Bathrooms 1 0.6890 0.68903 53.27 0.000 
  Car Space 1 0.0623 0.06228 4.82 0.029 
  Lot Size (m2) 1 0.6456 0.64560 49.91 0.000 
  Distance to Lake - Driving (km) 1 0.0113 0.01125 0.87 0.352 
Error 323 4.1781 0.01294       
  Lack-of-Fit 321 4.1649 0.01297 1.96 0.399 
  Pure Error 2 0.0133 0.00663       
Total 329 18.4086          
 
Term Coef SE Coef T-Value P-Value VIF 
Constant -206.25 9.35 -22.07 0.000***    
Year Sold 0.10878 0.00464 23.44 0.000*** 1.02 
Bedrooms 0.0466 0.0129 3.61 0.000*** 1.97 
Bathrooms 0.0912 0.0125 7.30 0.000*** 1.69 
Car Space 0.0250 0.0114 2.19 0.029** 1.48 
Lot Size (m2) 0.000424 0.000060 7.06 0.000*** 2.00 
Distance to Lake - Driving (km) -0.0101 0.0108 -0.93 0.352 1.04 
 
S R-sq R-sq(adj) R-sq(pred) 
0.113734 77.30% 76.88% 76.21% 
 
ln Property Price = -206.25 + 0.10878 Year Sold + 0.0466 Bedrooms + 0.0912 Bathrooms 
+ 0.0250 Car Space + 0.000424 Lot Size (m2) 






3.3 Woodcroft Properties (all characteristics) 
 
Source DF Adj SS Adj MS F-Value P-Value 
Regression 12 3.17068 0.26422 34.39 0.000 
  Year Sold 1 1.83735 1.83735 239.16 0.000 
  Bedrooms 1 0.19797 0.19797 25.77 0.000 
  Bathrooms 1 0.01537 0.01537 2.00 0.160 
  Car Space 1 0.00000 0.00000 0.00 0.991 
  Lot Size (m2) 1 0.28463 0.28463 37.05 0.000 
  Distance to Lake - Driving (km) 1 0.00353 0.00353 0.46 0.499 
  Distance drive to shops(km) 1 0.00680 0.00680 0.88 0.349 
  Distance to day care (km) 1 0.02083 0.02083 2.71 0.102 
  Distance to school (km) 1 0.01131 0.01131 1.47 0.227 
  Distance to high school (km) 1 0.00135 0.00135 0.18 0.676 
  Distance to hospital (km) 1 0.00032 0.00032 0.04 0.838 
  Distance to train station (km) 1 0.00216 0.00216 0.28 0.597 
Error 122 0.93726 0.00768       
Total 134 4.10793          
 
Term Coef SE Coef T-Value P-Value VIF 
Constant -175.0 12.2 -14.40 0.000***    
Year Sold 0.09323 0.00603 15.46 0.000*** 1.07 
Bedrooms 0.0799 0.0157 5.08 0.000*** 2.34 
Bathrooms 0.0305 0.0215 1.41 0.160 2.04 
Car Space 0.00008 0.00772 0.01 0.991 1.28 
Lot Size (m2) 0.000400 0.000066 6.09 0.000*** 1.69 
Distance to Lake - Driving (km) -0.0218 0.0322 -0.68 0.499 9.43 
Distance drive to shops(km) 0.0451 0.0480 0.94 0.349 10.89 
Distance to day care (km) -0.0263 0.0160 -1.65 0.102 1.78 
Distance to school (km) 0.0572 0.0471 1.21 0.227 8.65 
Distance to high school (km) -0.0295 0.0705 -0.42 0.676 19.28 
Distance to hospital (km) 0.0060 0.0293 0.21 0.838 6.21 
Distance to train station (km) -0.0211 0.0398 -0.53 0.597 10.03 
 
S R-sq R-sq(adj) R-sq(pred) 






ln Property Price = -175.0 + 0.09323 Year Sold + 0.0799 Bedrooms + 0.0305 Bathrooms 
+ 0.00008 Car Space + 0.000400 Lot Size (m2) 
- 0.0218 Distance to Lake - Driving (km) 
+ 0.0451 Distance drive to shops(km) - 0.0263 Distance to day care (km) 
+ 0.0572 Distance to school (km) - 0.0295 Distance to high school (km) 
+ 0.0060 Distance to hospital (km) 







3.4 Woodcroft Properties (only distance to lake) 
 
Source DF Adj SS Adj MS F-Value P-Value 
Regression 6 3.11841 0.51973 67.23 0.000 
  Year Sold 1 1.82622 1.82622 236.23 0.000 
  Bedrooms 1 0.25734 0.25734 33.29 0.000 
  Bathrooms 1 0.00831 0.00831 1.08 0.302 
  Car Space 1 0.00019 0.00019 0.02 0.877 
  Lot Size (m2) 1 0.37040 0.37040 47.91 0.000 
  Distance to Lake - Driving (km) 1 0.00510 0.00510 0.66 0.418 
Error 128 0.98952 0.00773       
Total 134 4.10793          
 
Term Coef SE Coef T-Value P-Value VIF 
Constant -172.5 12.1 -14.30 0.000***    
Year Sold 0.09197 0.00598 15.37 0.000*** 1.05 
Bedrooms 0.0871 0.0151 5.77 0.000*** 2.14 
Bathrooms 0.0212 0.0204 1.04 0.302 1.82 
Car Space -0.00118 0.00763 -0.16 0.877 1.24 
Lot Size (m2) 0.000423 0.000061 6.92 0.000*** 1.45 
Distance to Lake - Driving (km) 0.0089 0.0109 0.81 0.418 1.08 
 
S R-sq R-sq(adj) R-sq(pred) 
0.0879241 75.91% 74.78% 71.72% 
 
ln Property Price = -172.5 + 0.09197 Year Sold + 0.0871 Bedrooms + 0.0212 Bathrooms 
- 0.00118 Car Space + 0.000423 Lot Size (m2) 






USING LAKES IN URBAN LANDSCAPES 
FOR STORMWATER MANAGEMENT 
A study of water quality of Wattle Grove Lake in 
western Sydney and an overview of recreational 
and other value benefits to the local community 
D Hagare, B Maheshwari, S Natarajan, M Kaur, J Daniels 
ABSTRACT 
Lakes in urban landscapes are often 
constructed for the dual purpose of 
stormwater management and provision 
for non-contact recreational activities 
by local communities. Wattle Grove 
Lake, in the Liverpool City Council 
jurisdiction in Western Sydney, was 
studied to understand its effectiveness 
to manage stormwater; in particular, the 
study focused on water quality and the 
benefits it provides to local residents 
in terms of aesthetics and other values. 
The study involved water quality 
monitoring of the lake over a seven-
month period to evaluate the changes 
in water quality, as well as assessing 
community understa nding of the benefits 
it would provide to local residents . 
The study indicated that the 
water quality in terms of physical 
characteristics (turbidity, suspended 
solids and oxygen levels) generally 
meets ANZECC guidelines . However, the 
chemical characteristics of water quality, 
particularly the nutrient concentrations, 
did not meet recommended guideline 
values . Turbidity and nutrient levels 
indicated the presence of algal blooms 
in the lake during summer, which was 
the reason for high biological activity 
and lower dissolved oxygen levels. 
Monitoring also indicated that the 
summer months are the critical time 
period as far as the water quality 
of the lake is concerned . 
In a community survey most 
respondents indicated that the lake 
has provided substantial community 
benefits in terms of providing a place 
fo r mixed recreation . Evidence collected 
suggested that the value of properties 
adjacent to the lake was between 15% 
and 40% higher than for those located 
100-300m away. 
INTRODUCTION 
Wetlands and lakes are increasingly 
being used to manage stormwater 
from urban developments . Some local 
governments are developing designs 
for urban lakes that include parkland 
surrounding the lake, for use for non-
contact water activities. To provide for 
these dual purposes, urban lakes need 
to be designed appropriately. 
One of the challenges is managing 
water quality so that the lake's 
aesthetically pleasing appearance 
is maintained throughout the year. 
Stormwater runoff from urban areas 
contains pollutants such as floating debris, 
nutrients, bacteria, synthetic chemicals, 
oil and sediments (Liu, Goonetilleke 
and Egodawatta, 2012; Tsihrintzis 
and Hamid, 1998; Liu et al., 2012) . 
In terms of water quality, several 
studies have examined the effectiveness 
and benefits of wetland systems in urban 
landscapes, e .g. Greenway (2010) and 
Hathaway and Hunt (2010). However, not 
many studies have investigated the overall 
water quality of lakes that are constructed 
to manage urban stormwater. Morris et a/. 
(2003) reported the effects on an urban 
lake due to macrophyte harvesting and 
nutrient enrichment. This study focused 
on the nutrient levels and their impact 
on the aquatic vegetation in the lake, 
but did not investigate the water quality 
in the lake with respect to other physico-
chemical parameters. 
Urban lakes that are constructed to 
manage stormwater appeal to the general 
public if maintained at a satisfactory level, 
enabling recreational activities such as 
walking , exercising, picnicking and bird 
watching . If these lakes efficiently perform 
the task of storing stormwater and 
improving its water quality, there are also 
environmental benefits. Water harvesting 
schemes can be implemented for uses 
such as irrigation. In addition, healthy 
water promotes the proliferation of flora 
and fauna, which on the whole improves 
the aesthetics of the lake (Sundaravadivel 
and Vigneswaran, 2001). 
Urban lakes constructed to manage 
stormwater are different from wetland 
systems in terms of the treatment 
processes involved in removal of 
pollutants. In lakes, suspended solids 
are removed mainly by sedimentation 
and phytoplankton dominate nutrient 
uptake (Greenway, 2010). In wetland 
systems, both filtration and sedimentation 
processes are involved in the removal 
of solids and nutrients are removed/ 
modulated predominantly by macrophytes. 
There are no previous studies that 
evaluate the beneficial impacts of an 
urban lake that has been designed to 
meet both water quality objectives and 
space for leisure activities. This paper 
describes a study of such an urban lake 
system at Wattle Grove that is intended 
to satisfy the dual purposes of water 
quality improvement and community 
amenity. The results should find 
general application . 
WATTLE GROVE LAKE 
The lake is located in Wattle Grove, 
a residential suburb south-west of 
Sydney (Figure 1), and comes under the 
jurisdiction of Liverpool City Council (LCC). 
The catchment area for the lake (Figure 2) 
was constructed during 1992-1993 when 
the area was developed for housing (GHD, 
2013). An aerial photo of Wattle Grove 
Lake is shown in Figure 3; its approximate 
area is 2.4 hectares, including the lake 
and parkland. The catchment area is 95 
hectares with 1,022 homes. The catchment 
boundary is shown in red, while the blue 
outline identifies the lake boundary. The 
lake spillway overflows to Anzac Creek 
(point 4) and the lake has a maximum 
depth of 1.9m. 
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Figure 1. Map of Greater Sydney. The lake is located in the Wattle Grove 
area south-east of Liverpool city. Source: Google Maps, 2014. 
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Figure 2. Wattle Grove catchment area . The blue line indicates the lake boundary; 
the red line indicates the catchment area. Source: Liverpool City Council, 2003. 
Figure 3. Wattle Grove Lake. The numerals 1, 2, 3, 4 and 5 indicate the points 
at which samples were taken . The inlet is at Point 2 and the outlet at Point 4 . 
Source: Google Maps, 2014. 
WRTEA FEBRUARY 2015 
DESIGN FEATURES OF 
WATTLE GROVE LAKE 
The lake was primarily designed to hold 
stormwater from the catchment area so 
that sediments and nutrients are removed 
before discharge into Anzac Creek. To 
improve the amenity of the lake for the 
surrounding community, parkland was 
created and landscaped to encourage 
recreational use. The park is also equipped 
with exercise equipment (Figure 4). The 
area is used prominently for exercising 
and walking . A playground was installed 
to encourage younger visitors (Figure 5) . 
Figure 4. Exercise equipment in the 
park area . 
To enhance water quality, Liverpool 
City Council has installed three aerators 
(Aqua & Co Force 7.2 diffused aerators; 
each have a rated power of 1.1 kW and 
air supply of 2.4 m3/ h). These aerators 
are operated 12 hours a day (7am-7pm), 
seven days a week . There are plans to 
install a fountain to boost dissolved 
oxygen (DO) levels, promote mixing 
and enhance the lake's aesthetics. 
WATER QUALITY 
To assess water quality, a systematic 
sampling procedure was developed 
comprising a collection of samples from 
mult iple locations within the lake. The 
samples were analysed for various water 
quality parameters including electrical 
conductivity, pH , dissolved oxygen (DO), 
turbidity and nutrients. The monitoring 
program included weekly collection 
and analysis, starting from 29/ 112014 
and finishing on 16/ 10/ 2014. It should 
be noted, however, that some of the 
parameters, such as total nitrogen and 
total phosphorus, were not monitored 
for the entire period. 
The water samples were taken from 
five different points around the perimeter 
of the lake (Figure 3) . However, as 
there was not much variation in the 
quality of the water between the points, 
Figure 5. A children's playground encourages younger visitors. 
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y = -0.0185x' + 0.4731x + 7.5547 
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Figure 7. Temperature vs. dissolved oxygen with polynomial trend line. 
only points 2, 4 and 5 were sampled 
from July 2014 onwards. Similarly, as 
there was little variation in the values 
of water quality parameters between 
points, the measures obtained for each 
of the sampling dates were averaged 
and presented as single values in the 
following sections . Minimal variation 
between the points shows that there 
is little or no spatial bias. This can be 
attributed to the fact that the water 
in the lake is maintained in completely 
mixed conditions due to the operation 
of aerators. 
Details of the sampling and analysis 





Figure 6 shows the variation of dissolved 
oxygen (DO) levels in the lake. ANZECC 
(2000) guidelines recommend that the 
DO of the natural water be maintained 
in the range of 8-10 mg/L. As shown 
in Figure 6, initially (in the summer 
months), the DO levels were below 
the recommended range. However, later, 
the DO levels improved significantly 
and were maintained within the desired 
range. The reason for the improved DO 
levels appears to be related to increased 
rainfall in the area, algal activity and the 
continuous operation of three aerators . 
Figure 6 also shows the rainfall pattern 
monitored at Holsworthy Aerodrome, 
which is about 1.9km from the lake. 
As can be seen in Figure 6, a number 
of rainfall events occurred during the 
middle of February 2014, around the 
same time the DO levels in the lake started 
increasing . The fresh stormwater input 
into the lake appears to have triggered 
the improvement in the DO levels. Similar 
trends were noticed in a study conducted 
by Gereta et al. (2005) in Africa, which 
found that dissolved oxygen levels in 
lakes increased with inflow of stormwater. 
Figure 6 shows the DO saturation, 
which generally stayed in the range 
of 90-110%, e xcept at the start of 
sampling in January/February, when the 
DO saturation was relatively low. This 
could be due to the higher temperatures 
during the summer months, which 
promote higher bacterial activity and 
suppress oxygen solubility. This is evident 
in Figure 7, which shows DO levels 
reducing with the increase in the water 
temperature. This is further reinforced 
when the relationship between dissolved 
organic carbon (DOC) and temperature 
is examined . As shown in Figure 8, there 
is a significant increase in the DOC with 
the increase in the water temperature. 
Overall, it appears that the DO 
levels within the lake are well maintained , 
which can be attributed to both timely 
rainfall and continuous operation of 
aerators. However, the DO levels in 
summer appear to be lower, which 
may be improved by installation 
of additional aeration capacity. 
TEMPERATURE, ELECTRICAL 
CONDUCTIVITY AND TURBIDITY 
Variations of water temperature, electrical 
conductivity and turbidity are shown in 
Figure 9. The water temperature was 
steady around the value of 24°C during 
the months of February and March 2014. 






























12.00 14.00 16.00 
• 
• I • 
~ • • 
• 0+ --~~ 
18.00 20.00 
Temperature, 'C 
22.00 24.00 26.00 28.00 
Figure 8. Dissolved organic carbon (DOC) vs. temperature with exponential trend line. 
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Figure 10. Turbidity vs. temperature and the exponential trend line. 
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However, in April and May 2014, the water 
temperature fell to around 18°C. On the 
other hand, the electrical conductivity (EC) 
showed a U-shaped variation. It is expected 
that during the rainy season, the EC levels 
are maintained at low levels due to flushing. 
This, along with evaporation, appears to 
control EC levels in the lake. However, 
it should be noted that the current EC 
levels are not expected to cause any major 
impacts on the aquatic flora and fauna. 
With respect to turbidity, the values 
initially increased and then gradually 
reduced to less than 50 NTU. These 
variations may be attributed to the flushing 
effect of stormwater. The spike in turbidity 
in late February could be due to algal 
growth. This is also reinforced by the fact 
that the turbidity increased exponentially 
with temperature (Figure 10). 
It can be seen in Figure 9 that the 
turbidity was very high during the 
beginning of the analysis, decreased 
over autumn and winter, and increased 
again at the start of spring (September-
November). Turbidity can be increased by 
carp disturbing the benthic layer (Cahoon, 
1953). Carp were removed during late 
summer and this seemed to make an 
improvement in the clarity of the water as 
in previous research conducted regarding 
carp removal (Lougheed, Crosbie and 
Chow-Fraser, 1998; Cahoon, 1953; Pinto et 
al., 2005). During winter, it can be seen that 
extended periods of dryness decreased the 
turbidity of the water. Sudden rainfall after 
the dry periods gave a slight spike in the 
turbidity values. ANZECC (2000) guidelines 
require turbidity to be between 0-20 NTU. 
In Wattle Grove Lake the turbidity was 
generally above that range; this could 
be mainly due to algal growth . 
Comparing the turbidity of the lake water 
with typical stormwater values (Table 1), 
it is apparent that the turbidity is reduced 
because of retention and sedimentation. 
In this study, total solids (TS), 
total suspended solids (TSS) and total 
dissolved solids (TDS) were also measured . 
The ranges and the mean values for these 
parameters are given in Table 1. Total 
suspended solids (TSS) followed a similar 
trend to turbidity (Figure 9) and decreased 
dramatically during autumn and winter. On 
the other hand, TDS appears to increase 
during drier months, which is again 
consistent with the increases observed 
with respect to EC values (Figure 9). As 
explained earlier, this may be due to the 
continuous loss of water from the lake due 
to evaporation during the drier months. 
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Table 1. Summary of water quality parameters measured. 




Deviation guideline value+ stormwater quality* 
pH 35 6.8 - 8.3 7.55 ± 0.26 6.5 - 8.0 
Temperature, °C 35 11 - 26.8 18.2±4.9 
Electrical conductivity, f.lS/cm 35 76-212 135 ± 35 20 - 30 
Dissolved oxygen, mg/L 35 6.96-11 .61 9.6 ± 1.3 8.2 -10.0 
Turbidity, NTU 35 18 - 126 54 ± 31 1 - 20 70 
TS, mg/L 31 87 - 498 201 ± 98 
TSS, mg/L 30 7 - 128 45 ± 34 150 
TDS, mg/L 30 31 - 431 157 ± 87 
DOC, mg/L 33 4.2 - 12.8 7.2 ± 2.2 
NH3 - N, mg/L 35 0.03 - 0.58 0.23 ± 0.11 < 0 .01 
NOx-N, mg/L 35 0.15-0.51 0.29 ± 0.09 < 0.01 
Total nitrogen (TN), mg/L 9 1.28 - 1.70 1.59 ± 0.56 < 0.35 3 
Total phosphorus (TP), mg/L 9 0.34 - 0.98 0.49±0.19 < 0.01 0 .4 
PO.3_ - P, mg/L 35 0.02 - 0.27 0.07 ± 0.05 
I E. coli, #/100 mL 6 490 -1500 712 ± 389 < 1000 
I BODs' (mg/L) 20 1.6 - 4.3 2.7 ± 0.8 14 
i + ANZECC (2000) trigger values for slightly disturbed lakes and reservoirs systems in south-east Australia (Tables 3.3.2 and 3.3.3). 
i * Adopted from Australian Runoff Quality (2006). These are the mean values for the runoff generated from residential areas. 
I _ 
Extreme rainfalls during summer months 
appear to have increased the TDS values 
dramatically (5/03/2014). This trend was 
also observed in a study conducted by 
Greenway (201 OJ. 
Comparing the TSS concentrations 
in the lake water with that of typical 
stormwater (Table 1), it is apparent that 
TSS in the lake water is lower. It thus 
seems likely that settlement over time 
contributes to lower TSS and turbidity. 
NUTRIENTS 
Figure 11 shows the temporal variation 
of nutrients (NH3-N; NOx-N ; PO/ -Pl. 
These concentrations are generally very 
low. The observed concentrations for the 
nutrients are compared with ANZECC 
(2000) guideline va lues in Table 1. As 
can be seen in the table, the observed 
concentrations are significantly higher 
than the guideline values recommended 
by ANZECC (2000). This could be the 
reason for higher levels of blue-green 
algae observed in the lake during the 
summer months (at this stage only visual 
inspection of blue-green algae has been 
done). This could be the reason for 
the exponential relationship observed 
between temperature and turbidity 
(Figure 10). A similar observation 
was made by G H D (2013). 
Figure 12 illustrates various 
relationships between different water 
quality parameters. Although the 
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Figure 11. Temporal variation of nutrients concentrations. 
relationships appear to be weak, months. This is further substantiated 
there are definite trends between by the increase of ammonia-nitrogen 
with dissolved organic carbon (DOC), various parameters. Figures 12 (a) and 
(b) show the trends of nitrate-nitrogen 
and ammonia-nitrogen with temperature, 
respectively. Decline in nitrate-nitrogen 
concentration with temperature (Figure 
12 (a)) could be due to consumption of 
nitrate by the algal biomass during warmer 
conditions. This again highlights the 
presence of blue-green algae during the 
summer months. This is consistent with the 
previous observation . On the other hand 
Figure 12 (b) shows increase of ammonia-
nitrogen with respect to temperature. 
This means that there could higher 
bacterial activity during the summer 
as shown in Figure 12 (c) . As shown 
in Figure 12 (d), there is an inverse 
relationship between nitrate-nitrogen 
and ammonia-nitrogen. This is expected, 
as in summer the algal bloom has 
resulted in higher levels of DOC, which 
in turn has resulted in higher bacterial 
activity. Higher bacterial activity typically 
accompanies higher ammonia-nitrogen 
concentrations. The results appear to 
indicate that the water quality in the 
summer months can deteriorate due to 
higher temperatures in the water. The 
water quality in the lake can further 
worsen under low rainfall conditions . 
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Again as shown in Table 1, both 
TP and TN are significantly higher than 
ANZECC (2000) guideline values as well 
as the values observed by Wiegand et 
a/. (2013). Further investigations are 
required to identify the origin and 
fate of nutrients within the lake. 
As stated earlier, the presence of 
blue-green algae (particularly in summer) 
has been visually observed and the lake 
also contains some macrophytes. The 
dominant macrophytes in the lake are: 
Typha orienta lis, Phragmites australis and 
Persicaria sp. Based on the results, it may 
be difficult to classify the lake as a clear 
water or turbid water system as suggested 
by Water by Design (2012). It is more likely 
that the lake may assume an intermediate 
state, where the nutrients are taken up by 
both blue-green algae and macrophytes. 
ESCHERICHIA COLI AND BODs 
A few samples were analysed for 
Escherichia coli (E. con) to assess the 
microbiological quality of the water. Not 
enough analysis has been conducted to 
observe any trends or relationships in the 
E. coli concentrations. However, as shown 
in Table 1, the E. coli concentrations are 
generally within ANZECC (2000) secondary 
contact guideline values for recreational 
waters, except on a few occasions. 
Secondary contact includes boating, 
wading and fishing, where there is 
less frequent body contact with the 
water (NHRMC, 2008). However, in this 
case the water is not used for boating, 
wading or fishing. As such, it can be 
concluded that the E. coli quality of 
the lake water is acceptable. 
Similarly, a few samples were analysed 
for BODs' and the observed range is shown 
in Table 1. As shown, the BODs of the 
lake water was significantly lower than the 
typical BODs concentrations expected in 
stormwater. It is likely that a combination of 
settlement, retention and aeration process 
is removing dissolved organic materials. 
COMMUNITY FEEDBACK 
To better understand the public's opinion 
of the lake and the surrounding parkland, 
a survey questionnaire was pre pared 
and distributed to community members 
who visited the lake and parkland 
during the last week of March 2014. The 
questionnaire mainly included questions 
related to the water quality in the lake, 
maintenance of the pa rkland, impact 
on the surrounding properties, and other 
suggestions to improve the quality of 
the parkland and the lake. The survey 
questionnaires were completed at the 
site over a two-day period. About 
50 people who were approached 
at random agreed to be interviewed. 
Figure 13 shows the results of the 
community survey. Some conclusions that 
can be drawn from the survey include: 
• Generally, community members 
are satisfied with the lake and 
the parkland. Those who were not 
satisfied mainly wanted the Council 
to install additional facilities that 
would enhance the aesthetic value 
of the lake, e .g. a fountain . 
• About 92% of the community 
members who were interviewed 
agree that the lake adds value to 
properties located around the lake. 
• A majority of the participants who 
were interviewed were happy with 
the ·current maintenance of both 
the lake and the parkland. However, 
a significant number of interviewees 
(about a third) wanted to see 
improvements in the lake and 
parkland maintenance program. 
The survey also indicated that the 
lake and surrounding parkland are used 
frequently by the public. About 92% 
of the surveyed visitors to the lake area 
come for exercise. Only 4% of the visitors 
use the parkland twice a day, 44% visit 
the park once a day, 50% use the area 
two to three times a week, and 2% 
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Figure 13. Community survey results. 
About 92% of the surveyed local 
community members were happy with 
the landscaping of the parkland. Others 
commented that there should be more 
swings, bubblers, toilets and a garden. 
Some specific suggestions and comments 
made included: more aeration for 
improvement in aquatic life; ongoing 
maintenance of the lake; provision 
of shaded areas; signs to discourage 
feeding of birds/ducks; more tables 
and chairs; and overall maintenance 
of aesthetics of the lake area . 
Overall the general public believes 
that the lake and the surrounding 
parkland add value to the community 
and property prices and that Wattle 
Grove Lake is an asset. 
IMPACT OF THE LAKE 
ON PROPERTY PRICES 
To quantify the increase in the property 
values close to the lake, prices of 11 
properties sold in the period 2009 to 
2014 were collected, using a publicly 
available website (Sold Properties, 2014). 
The records were all for four-bedroom 
detached houses with two bathrooms 
and two car spaces, divided into two 
categories: those adjacent to the lake; 
and those located 100-300m away. Table 
2 shows that the sale price of properties 
adjacent to the lake was, on average, 
40% higher than those sited further away. 
Table 2. Variation in property prices. 
Source: Sold Properties (2014) website. 
Category of property Average price 
Adjacent to the lake $758,000 
About 100-300m away $541,000 
Does the Lake add value 
to the property? 
• Strongly ag ree 
_ Agree 
• Neut ra l 
Is the maintenance of the 
parkland satisfactory? 
• Strongly agree 
• Disagree 
- Agree 
• Strongly disagree 
• Neutral 
_ No answer 
To test this finding, local real estate 
agencies were approached for expert 
opinion on the price differences due 
to proximity to the lake. Only one 
agreed to participate in the interview 
and suggested that the properties 
directly adjacent to the lake generally 
had values more than $70,000 to 
$100,000 higher than similar properties 
in locations opposite or one street 
away (Attapallil, 2014); this translates 
to about a 15%-20% increase. 
In general, analysis of property prices 
collected in the study indicates that the 
value of those adjacent to the lake can 
be anywhere from 15%-40% higher than 
those located between 100 and 300m away. 
CONCLUSIONS 
This study suggests that it is possible to 
move towards meeting the dual objectives 
of a stormwater lake in an urban context; 
namely, stormwater management and 
providing an amenable location for the 
local community for recreational activities. 
In this study, recreational activities mean 
non-contact, water-related leisure activities. 
The study indicated that a well-equipped 
landscaped parkland, with exercise 
machines and a children's playground, 
around a lake with aquatic flora and fauna, 
attracts a significant number of visitors. 
The water quality in the lake, in 
terms of physical characteristics, 
generally appears to be satisfactory. 
However, the water quality failed to 
meet the ANZECC (2000) guideline 
values, due to a high concentration of 
some nutrients. Comparison with typical 
urban stormwater quality revealed 
that the lake appears to be efficient in 
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removing suspended solids and 
reducing turbidity. However, nutrients 
are not being effectively removed. Similar 
observations were made by Greenway 
(2010) for a pond system in Victoria. 
This is to be expected as the lake 
does not have extensive vegetation 
(macrophytes). which can help to remove 
nutrients. To meet ANZECC guidelines, 
either additional pre- or post-treatment 
needs to take place, or modifications 
made to the design of the lake. 
Incorporating a wetland as part of 
the lake may be one such solution. 
Inadequate removal of nutrients in 
the lake appears to be causing algal 
blooms in the summer months, which in 
turn result in greater bacterial activity. 
This has resulted in lower DO levels in 
summer. Therefore, it appears that the 
maintenance of appropriate water quality 
during the summer months is critical to 
enhance the aesthetic value of the lake 
to the surrounding communities. 
Operation of three aerators appears 
to have helped in maintaining good 
water quality in Wattle Grove Lake, 
except in summer. It may be possible 
to improve the water quality in summer 
by adding additional aeration capacity. 
Liverpool City Council is currently in 
the process of adding an additional 
aerator or a fountain . 
A large majority of the users of 
the lake area are satisfied with the 
lake and agree that it increases property 
values in the vicinity. The results of a 
preliminary survey indicated that prices 
for properties adjacent to the lake are 
15-40% higher than those of properties 
located 100-300m away. Thus an urban 
lake that is designed, constructed and 
maintained properly can, in addition 
to improving stormwater quality, 
contribute to community benefits . 
Also, in the case of Wattle Grove 
Lake, Liverpool City Council has 
allocated significant resources for 
effective maintenance and operation 
of the lake, which has helped to maintain 
good physical water quality. 
This paper is part of an exploratory 
study on the water quality and 
community benefits of urban lakes 
constructed to manage stormwater. 
Further long-term investigations are 
required to confirm the findings of this 
study, particularly the effects of urban 
lakes on local property values and 
stormwater treatment potential. 
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School of Science and Health,
Western Sydney University,
Hawkesbury NSW 2777,
AustraliaKey words | constructed wetland, seasonal water quality, stormwater systems, urban catchment
area, urban lakesINTRODUCTIONThe increase in water pollution can lead to environmental,
social, and economic problems. Excess nutrients in storm-
water can cause eutrophication in natural water bodies,
lead to an increase in biochemical oxygen demand (BOD),
and put a strain on aquatic organisms. Since constructed
water bodies are designed in a way that allows for rec-
reational activities, poor water quality in them can
adversely affect benefits to the community (Debo ;
Crase & Gillespie ; Walker et al. ). This in turn
will have social, economic and cultural implications.
The Australian and New Zealand Guidelines for fresh
and marine water quality (ANZECC ) specify the allow-
able values for the concentration of nutrients, and physical
water quality aspects such as electrical conductivity
(EC), dissolved oxygen (DO) and pH. These guidelines are
directed towards natural water bodies; however, the ranges
may be applied to the overall quality of water in constructed
systems.Treatment systems that are relevant to stormwater man-
agement include constructed wetlands, lakes/ponds, gross
pollutant traps, sedimentation basins, buffer strips, swales,
porous roads, and bioretention systems (Winston et al.
). This study focuses on urban lakes and wetlands. Wet-
lands are becoming important infrastructures in the urban
landscape and are defined as shallow water storage systems
that act as an ecosystem consisting of aquatic plants and
organisms. It has been found that natural wetlands have
the capacity to store floodwaters, allow for sedimentation
of particles, and overall improve the water quality. Wetlands
act as purifying systems for water before it enters larger
water bodies such as rivers, lakes, and streams (Jon et al.
). These characteristics have been further researched
and simulated in the form of constructed wetlands to be
used for purifying and treating stormwater. Urban lakes
and constructed wetlands apply similar principles for
water treatment: sedimentation, UV irradiation, and
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on 04 November 2018nutrient uptake by plants (Shilton ). In some cases, a
combination of the two is also used for efficient stormwater
management (Winston et al. ).
Past studies have shown the impact of constructed wet-
lands on stormwater quality (Greenway & Woolley ;
Greenway ; Hathaway & Hunt ; Qitao et al.
). Generally, the water quality seems to improve with
extended detention time and nutrient uptake from plants.
Other studies have focused on urban lake systems for the
treatment of stormwater (Marchi & Carrick ; Xavier
et al. ; Waltham et al. ). Winston et al. ()
explored the impact of floating wetland as a retrofit to exist-
ing stormwater retention ponds. The study found that these
systems improved the total nitrogen (TN) and total phos-
phorus (TP) concentrations to some extent (TN reduced
from 1.05 mg/L to 0.61 mg/L and TP reduced from
0.17 mg/L to 0.12 mg/L). The reduction was found to
depend on the area covered by the wetland. Similarly,
some studies have explored the inclusion of a constructed
wetland in improving lake water quality (Oberts &
Osgood ; Cui et al. ). Cui et al. () implemented
a subsurface horizontal wetland to a large manmade lake
(storm and wastewater) located in China to observe reten-
tion rates. They found it did improve the water quality.
Although a few studies have been done with respect to con-
structed wetlands and urban lakes as separate systems,
there is a gap in the knowledge in terms of comparing a
combined system with an urban lake alone for managing
stormwater. Additionally, seasonal variations in the water
quality of existing lakes and wetlands have not been
explored to a great extent.
In this study, the primary aim is to compare the perform-
ance of an integrated wetland and urban lake system with a
standalone urban lake. The water quality of two urban
stormwater lakes was studied, Wattle Grove Lake (indepen-
dent system), and Woodcroft Lake (includes constructed
wetland) in the Western Sydney region, Australia. The
study will help to understand the role of constructed wetland
systems in improving stormwater quality. The seasonal vari-
ations with respect to water quality were also explored.
Additionally, the applicability to other urban areas can be
explored further. Parameters such as EC, DO, pH, turbidity,
nutrients, and dissolved organic carbon (DOC) have been
analysed.s://iwaponline.com/ws/article-pdf/18/3/956/208081/ws018030956.pdf
iversity userSITE DESCRIPTION
The two lakes studied are located in urban residential sub-
urbs located within Western Sydney, New South Wales,
Australia. The coordinates of the sites are shown in Table 1.Wattle Grove Lake
Wattle Grove Lake is a constructed urban lake. It is located
in Wattle Grove, a residential suburb belonging to Liverpool
City Council in New South Wales, Australia (shown in
Figure 1). Prior to construction, the area was used by the
Australia Defence Force. The residential housing was devel-
oped between 1992 and 1993. The lake serves the purpose of
improving stormwater quality while providing flood storage.
The catchment area of the lake is approximately 95 ha
and includes 1,022 residential properties. The lake and
associated park area cover approximately 2.5 ha (Table 1).
When the lake reaches capacity, the excess water is dis-
charged into a nearby creek. To increase the efficiency of
water quality improvement, Liverpool City Council installed
three aerators. Additionally, to improve aesthetics, recently
two fountains were also installed. These systems assist in
improving the mixing of the water, which in turn increases
the DO in the water. Phragmites australis and Thypha orien-
talis are the main macrophytes present at Wattle Grove Lake.
The built-in facilities in the parkland allow for recreational
activities such as walking and picnicking. Further, exercise
equipment and a children’s park have also been installed to
promote wellbeing and fitness to visitors of all ages.
Samples were taken at the points illustrated in Figure 1.
The inlet is illustrated by 1, outlet by 2, and the third point
was sampled as it allowed for better statistical reasoning.
The flow of the water is shown by the arrows.Woodcroft Lake and Wetland
Woodcroft Lake consists of a constructed wetland and an
urban lake (shown in Figure 2). It is located within the
Blacktown City Council area. Initially, the area was used
as a clay quarry. The system was constructed in 1993. This
system is used to store and treat stormwater from the catch-
ment. The lake and wetland are approximately 3.2 ha and
Table 1 | Site characteristics
Wattle Grove Lake Woodcroft Wetland Woodcroft Lake
Longitude and latitude 3356058.0″S 15056027.3″E 3345015.2″S 15052050.3″E 3345010.9″S 15052048.9″E
Maximum depth (m) 1.5 1.4 5
Area of water body (ha) 2.5 1.5 3.2
Area of parkland (ha) 2 4.9 4.9
Catchment area (ha) 95 53 53
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catchment area is approximately 53 ha (Table 1). As storm-
water drains into the system, the wetland acts as a filtering
system before the water enters the lake. Thypha orientalis
and Themeda australis are the main macrophytes present
in the wetland. The lake serves as an equalisation basin;
excess water from the lake re-enters the wetland. The
water exits the wetland, and the outflow is controlled by
four siphons that ensure the water level is within the
capacity of the lake and wetland.
Blacktown City Council also installed a destratification
system that pumps water to ensure proper mixing. Addition-
ally, the area surrounding the lake and wetland has been
landscaped in a manner that improves accessibility and
encourages public wellbeing. Exercise equipment, walkways,
and a community hall have been included for this purpose.Figure 1 | Wattle Grove Lake. Point 1 is the inlet and Point 2 is the outlet. Point 3 was sampled a
using the arrows (Google Maps 2016).
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er 2018Samples were taken at the points illustrated in Figure 2.
Point 1 is the inlet for the wetland. Samples from Points 1
and 2 were analysed to determine the water quality of the wet-
land. Point 2 is the outlet for the wetland to the lake. Point 3 is
the inlet for the lake. Points 3, 4, 5, 6, and 7 were analysed to
determine the water quality in the lake. Five points in the
lake were selected to statistically represent the overall water
quality of the lake. The flow is shown using the arrows.
Dotted arrows indicate the outflow from the system.METHOD AND MATERIALS
The main purpose of urban lakes is to treat and store storm-
water runoff; therefore, it is essential that water quality is
monitored to investigate the efficiency of the treatments an extra point for statistical reasoning (average and standard deviation). The flow is shown
Figure 2 | Woodcroft Lake and Wetland. Point 1 is the inlet for the wetland. Point 2 is the outlet for the wetland to the lake. Point 3 is the inlet for the lake. Points 3, 4, 5, 6, and 7 were
analysed for the lake. The flow is shown using the arrows. The overflow during peak flows is shown by the dotted arrows (Google Maps 2016).
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influences community use and associated benefits. To ident-
ify the condition of the water at the sites, a methodology was
developed for the collection and analysis of the samples.
Physicochemical parameters such as temperature, EC, pH,
DO, BOD, turbidity, total solids (TS), DOC, and nutrients
were analysed.
Samples were collected in 1 L plastic bottles and stored in
a portable insulated cooler containing ice to maintain
low temperatures during transport to the laboratory. The
sampling points at each site are illustrated in Figures 1 and
2. For measuring pH, EC, temperature, and DO, a HACH
HQ 40d device was utilised. Turbidity is the parameter used
to indicate the clearness of the water. The transparency is
impacted by the amount of suspended particles present in
the water. A HACH™ 2100P was utilised to measure the
turbidity. Temperature, DO, EC, pH, and turbidity were
measured on site immediately after the samples weres://iwaponline.com/ws/article-pdf/18/3/956/208081/ws018030956.pdf
iversity usercollected. Ammonium (NH4
þ) and nitrogen oxides (NO2

and NO3
) are nutrients that are present in water. These nutri-
ents, in excess amounts, have the ability to cause algal
blooms. A Gallery Automated Photometric Analyser was uti-
lised to measure the nutrients. BOD was used to analyse the
amount of oxygen that is consumed if organic matter is oxi-
dised by microorganisms and bacteria. The standard method
was followed for testing this parameter (APHA ). TS con-
sist of total suspended and dissolved solids. These parameters
are impacted by the composition of the runoff in addition to
existing aquatic organisms/particles such as algae, plankton,
and sediments. TS and total suspended solids (TSS) were
measured using standard methods. DOC is used to test the
quality of the water and indicate decaying matter. TN can
cause issues such as eutrophication. Samples were analysed
utilising a Shimadzu TOC-L machine. The methods and the
instruments used for determining various water quality par-
ameters are summarised in Table 2.
Table 2 | Summary of parameters analysed in this study
Parameter Unit Equipment used Reference
EC μs/cm HACH HQ40d and calibration standard/s
pH [H]þ HACH HQ40d and calibration standard/s
DO mg/L HACH HQ40d
Temperature C HACH HQ40d
Turbidity NTU HACH 2100P Turbidimeter, sample cells, calibration standards
TSS, Total dissolved solids
(TDS), TS
mg/L Filter, Filter papers, steam bath, weighing machine, desiccator APHA ()
Nitrite N (NO2-N) μg/L Gallery Automated Photometric Analyser-Discrete Analyser, Filter, Reagents –
Ammonium N (NH4-N) μg/L Gallery Automated Photometric Analyser-Discrete Analyser, Filter, Reagents –
Nitrogen oxides (NOx-N) μg/L Gallery Automated Photometric Analyser-Discrete Analyser, Filter, Reagents –
Phosphates (PO4) μg/L Gallery Automated Photometric Analyser-Discrete Analyser, Filter, Reagents –
Total phosphorus μg/L ICP machine, filter, standard solution, digester –
DOC, TN mg/L Filter, Shimadzu TOC-L Total Organic Carbon Analyser with TN analyser addition –
BOD mg/L BOD bottles, autoclave, incubator, aerator, mixer, HACH HQ 40d APHA ()
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The number of samples collected and the study period is
shown in Table 3. The samples collected are categorised
according to the three seasons, namely summer, autumn,
and winter. Due to the limitation of time and resources
available, the samples were not collected during the spring
season. Table 4 shows the mean water quality parameter
concentrations for summer, winter, and autumn for each
site, and the recommended Australian and New Zealand
Environment Conservation Council Guideline values
(ANZECC ).
Seasonal variation in water quality
Compared to the ANZECC () Guidelines, generally the
water quality at both locations is poor. The values of pH and
DO are in the allowable range mentioned in the ANZECCTable 3 | Sample sets for each location
Summer (December – February) A
Woodcroft Lake/wetland sample
sets (7 sampling points)
3 (11/02/15-26/02/15) 8







er 2018Guidelines, but nutrients and physical parameters are well
above the recommended range.
Turbidity in Wattle Grove Lake has not been within the
allowable range. The main reasons for high turbidity may
include the large population of carp, which causes the
resuspension of sediments (which is also observed by
other researchers: Cahoon ; Lougheed et al. ;
Pinto et al. ; Miller & Crowl ), higher tempera-
tures that cause evaporation, which leads to murky water
(exponential relationship between temperature and turbid-
ity as shown in Figure 3) and algal bloom due to the
presence of nutrients and sunlight. Rainfall after an
extended dry period may also impact turbidity levels, as
pollutants from the roads and other surfaces are adsorbed
by runoff entering the lake. With respect to Woodcroft
Lake, the turbidity levels are consistently low regardless
of the seasonal variations. This may be due to the differ-
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half of that of Wattle Grove Lake.
DOC, similar to DO, seems to have a polynomial
relationship with temperature (Figure 4). This may represent
the decomposition of organic matter at higher temperatures.
Nutrients are very high considering the allowable limit men-
tioned in the ANZECC Guidelines for TN is 35 μg/L. For
Wattle Grove Lake, ammonium levels are higher during
summer months (ranging from 48 μg/L to as high as
696 μg/L). Ammonium levels are lowest during winter
months (ranging from 26 μg/L to 220 μg/L). Higher ammo-
nia in summer indicates higher bacterial activity, which is
expected. This applies in particular in the case of Wattle
Grove Lake. During summer, higher algal concentrations
were found in Wattle Grove Lake. As the algae die off, bac-
teria help to degrade the dead algal materials which in turn
produce ammonia. This is also supported by the observed
relatively higher levels of DOC and BOD5 during summer.
Similar to Wattle Grove, there is a positive relationship
between temperature and DOC, which can indicate degra-
dation of organic matter at elevated temperatures.
The DO is maintained at a satisfactory level at Wattle
Grove Lake, probably due to the use of aerators and the
fountains installed by the Council. The DO at Woodcroft
Lake is satisfactory, however at the wetland, during
warmer climates, the DO is low. As seen in Figure 5,
higher temperature caused a decrease in DO in both the
lakes. This could be attributed to two reasons. Firstly, satur-
ation DO reduces with increase in water temperature.
Secondly, at higher temperatures there can be higher bac-
terial activities, which in turn reduce the DO concentration
in the water. The change in DO over the seasons is shown
in Figure 8. This has impacted on the ammonia and nitrate
concentrations in the different seasons (as seen in Table 2).
Nitrification of ammonia is lower during summer due to
lower oxygen levels. This is shown by the high ammonia
values in summer (see Figures 7 and 8). This, also, could
be due to the higher biological activity in the summer.
Nitrate seems to have the highest average concentration
during winter (ranging from 231 μg/L to 512 μg/L) which
indicates the increase in nitrification of ammonia in cooler
temperatures. Additionally, Woodcroft Lake also has similar
trends with respect to ammonium N, NOx-N, and TN. In
winter months, NOx-N is higher due to increase in
Figure 3 | Relationship between turbidity and temperature in the two locations.
Figure 4 | Relationship between DOC and temperature in the locations.
Figure 5 | Relationship between DO and temperature at the two locations.
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be sensitive to the seasons in the case of the wetland and
Wattle Grove Lake. This can be attributed to the presence
of bacterial activity in both of these water bodies.
Results show that the EC is higher during summer,
which may be due to evaporation causing an increase
in the concentration of salts in the water. This is seen
in Figure 6. Water in Woodcroft Lake, particularly, shows
relatively higher EC. This may be attributed to soil charac-
teristics within the lake, as the lake was once a site for a
brick quarry, as well as the design of Woodcroft Lake. The
Woodcroft Lake is designed as an equalisation basin. As a
result, the water in the lake has a very long detention
time, which can be several years.
TSS is a parameter that is not explored to a great depth
in the ANZECC Guidelines. However, TSS is an importantFigure 6 | EC over 3 seasons at the 3 sample locations. The error bars illustrate the standard
Figure 7 | Temperature variation over 3 seasons at the 3 sample locations. The error bars illu
Grove Lake).
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iversity userparameter that will define the aesthetic value of the water
body. As such it is an important parameter as far as the
water quality of the lake is concerned. It was found that
the values seem to stabilise towards the colder months, as
seen in Table 2.
Comparison between a standalone lake and a lake
system with a constructed wetland
One of the main objectives of this paper is to compare the
water quality between the urban lake against an integrated
wetland and urban lake system. As can be seen in Figures 9
and 10, compared to Wattle Grove Lake, Woodcroft Wet-
land and Lake system appears to be performing
satisfactorily in terms of turbidity, suspended solids (SS)
and TS. As seen in Figures 3, 9, and 10, the turbidity,deviation (WL, Woodcroft Wetland; WCL, Woodcroft Lake; WGL, Wattle Grove Lake).
strate the standard deviation (WL, Woodcroft Wetland; WCL, Woodcroft Lake; WGL, Wattle
Figure 8 | DO levels over 3 seasons at the 3 sample locations. The error bars illustrate the
standard deviation (WL, Woodcroft Wetland; WCL, Woodcroft Lake; WGL,
Wattle Grove Lake).
Figure 9 | Turbidity levels over 3 seasons at the 3 sample locations. The error bars
illustrate the standard deviation.
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than those of Wattle Grove Lake. This can be attributed to
several factors, including the presence of the wetland as
well as the catchment size and local soil characteristics.
Wattle Grove Lake receives stormwater from a muchFigure 10 | Turbidity, SS, and TS comparison between study sites. The error bars illustrate the s
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Table 1). However, the presence of the wetland in the
Woodcroft Lake system may have made the significant con-
tribution towards the better performance in terms of
turbidity, SS, and TS parameters.
In terms of nutrients, nitrogen and its species have lower
concentrations in Woodcroft Lake compared to Wattle
Grove Lake (Figures 11–13). However, in the case of phos-
phate (PO4
3–), Woodcroft Lake has shown a higher
concentration. Although an improvement of over 53% was
seen in the phosphate concentration between the wetland
and the lake (Figure 11), on average, Wattle Grove Lake
had lower concentrations of phosphate. This can be attribu-
ted to the characteristics of the soil that is present in the
Woodcroft catchment area. As shown in Figure 12, lower
concentrations of nitrogen in Woodcroft Lake appear to
have helped with the reduced occurrence of algal blooms
in the summer. As discussed earlier, in the case of Wattle
Grove Lake, turbidity increased rapidly with the tempera-
ture owing to the algal bloom. On the other hand, in the
case of Woodcroft Lake, the increase in the turbidity with
the temperature was insignificant.
Results show that the DO in Woodcroft Lake is consist-
ently the same regardless of temperature, which indicates
the ability of the wetland to maintain the concentration
throughout the year. This, however, cannot be seen in
Wattle Grove Lake; as the temperature increases, the DO
decreases (Figure 5). Woodcroft Lake has consistently low
values of turbidity throughout the year, which is seen intandard deviation (WL, Woodcroft Wetland; WCL, Woodcroft Lake; WGL, Wattle Grove Lake).
Figure 11 | Nutrient concentrations between the study locations (WL, Woodcroft Wetland; WCL, Woodcroft Lake; WGL, Wattle Grove Lake).
Figure 12 | TN concentrations over 3 seasons at the 3 sample locations. The error bars illustrate the standard deviation.
Figure 13 | PO4P concentrations over 3 seasons at the 3 sample locations. The error bars illustrate the standard deviation.
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tial relationship with temperature. Further, close observation
of Figure 10 indicates that the wetland contributed towards
the reduction of TS in Woodcroft Lake. There is a drop of
almost 50% in the TS.
Comparison of the two systems shows that the water
quality in Woodcroft Lake is significantly better than
Wattle Grove Lake with respect to parameters such as tur-
bidity and total and species of nitrogen. This can be
mainly attributed to the inclusion of the constructed wetland
as a part of Woodcroft Lake’s set up. The macrophytes
(mainly including Themeda australis and Thypha orientalis)
present in the wetland adsorb excess nutrients as well as
help remove solids from the water that is entering the
urban lake. Also, as the Woodcroft Lake is designed as an
equalisation basin taking low to medium stormwater flows
(high flows are bypassed from the lake using a spillway
located on the western side of the wetland), this allows for
sedimentation which helps in removal of particulate forms
of pollutants (Qitao et al. ). Wattle Grove Lake was
intended as a flow-through system that allows for renewal
of the water. This accounts for the high concentration of dis-
solved solids in the water at Woodcroft Lake.CONCLUSIONS
The main aim of this research was to compare the seasonal
variations and general water quality between two urban
lakes with different design specifications, namely, an urban
lake designed as a standalone green infrastructure and an
integrated wetland and urban lake system. The results indi-
cate that an integrated wetland and urban lake performs
better than the urban lake alone. The improved performance
was particularly significant in terms of physical parameters
such as turbidity, SS and TS. Also, an integrated system man-
aged to avoid the occurrence of algal bloom during the
summer months. This was attributed to the low nitrogen
levels in the urban lake with a built-in wetland. Further,
the DO levels in the integrated system were relatively
better maintained across all the seasons over which the
water quality monitoring was carried out.
In terms of performance of urban lakes, this study
indicated that most parameters, including nutrientom https://iwaponline.com/ws/article-pdf/18/3/956/208081/ws018030956.pdf
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in the Australian and New Zealand Guidelines for fresh and
marine water quality (ANZECC ). Both the systems
seem to have the same seasonal variation with respect to
NH4-N, NOx-N, and TN concentrations. Ammonium is high-
est in summer due to a decrease in nitrification as a result of
lower DO, as well as increased biodegradation. In winter,
the NOx-N levels are higher due to increased nitrification.
Physical characteristics such as SS and TS also follow similar
trends for both locations. During warmer weather conditions,
the TS levels were generally higher for both the lakes.
Overall, the integrated system performed better than the
urban lake alone. However, the improved performance
cannot be completely attributed to the design of the inte-
grated system, as the site characteristics and the catchment
area significantly differ between both systems. Further
studies are required to quantify the water quality improve-
ments that can be gained by using an integrated wetland
and urban lake system for managing stormwater.ACKNOWLEDGEMENTS
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Blue and green infrastructure
A B S T R A C T
Increasingly, stormwater management systems such as urban lakes and wetlands are being
implemented in developing urban areas. They are designed to serve multiple purposes.
Urban stormwater management systems have environmental, economic, and social
impacts. The main aim of this study was to explore the community values and social and
economic benefits of urban lakes in the Western Sydney region of New South Wales,
Australia. The study involved two case study sites and community surveys using the
tailored design method. For this study, a combination of three methods of data collection
was used; online, onsite and letterbox drop off surveys. The survey explored several
aspects such as community wellbeing, environment and property value benefits.
Responses from the community show that there is an overall positive perception of the
lake and associated parkland. When asked, over 70% of the respondents stated that there is
a positive impact of the lake on the property prices. Additionally, 50% of residents found
that there was moderate to significant impact of the lake on both mental and physical
wellbeing of people. Approximately 20% of respondents stated that they would not exercise
if the local lake system did not exist. Also, 60% of the respondents stated that the lake
improved their quality of life. Furthermore, a hedonic property price analysis was done to
quantify the impact of the lake on the surrounding properties. A positive correlation was
found between the lake and property prices of surrounding homes. The findings from this
study provide evidence to policymakers and municipal councils to encourage investments
to improve performance of existing lakes as well as develop new ones in the urban areas.
Crown Copyright  2018 Published by Elsevier B.V. on behalf of European Regional Centre
for Ecohydrology of the Polish Academy of Sciences. All rights reserved.1. Introduction
Water is an essential resource that needs to be
sustained for future generations. Urban lakes are increas-
ingly being utilised for the purpose of storing and treating* Corresponding author.




1642-3593/Crown Copyright  2018 Published by Elsevier B.V. on behalf of Euro
All rights reserved.stormwater. Urban lakes and wetlands can serve the
purpose of improving the wellbeing of visitors and provide
an area for recreation, provided the area is maintained
satisfactorily. The inclusion of urban lakes in residential
estates has also been known to improve the property
values (Walsh, 2009; Wen et al., 2014). If designed in an
aesthetically pleasing manner, the systems can promote
participation of the visitors in recreational activities
(Villanueva et al., 2015). Recreational activities include:
walking, running, picnicking, and bird watching (Beal,pean Regional Centre for Ecohydrology of the Polish Academy of Sciences.
S.K. Natarajan et al. / Ecohydrology & Hydrobiology 18 (2018) 412–419 4132007). Further, if equipment for exercise and other
activities are provided, it would encourage physical
activity (Apostolaki and Jefferies, 2009). It will also
promote communication and interaction between the
visitors (Thompson, 2002). Some studies have also shown
the psychological benefits of interacting with nature
(Berman et al., 2008; Keniger et al., 2013). These systems
are also home to many species of fauna and flora, and
hence promote other activities such as photography
(Waltham et al., 2014). Community members will regard
the system as an asset if designed and maintained
satisfactorily (Mitsch and Gosselink, 2000). A few studies
(Crase and Gillespie, 2008; D’Souza and Nagendra, 2011;
Debo, 1977; Walker et al., 2013) have been conducted to
understand the attitudes and opinions of individuals
within communities towards their local urban lake.
The study conducted by Walker et al. (2013) aimed to
link community well-being and a series of urban lakes
in Queensland, Australia[1_TD$DIFF]. The authors found that the
residents have tangible (property value) and intangible
(recreation, enjoyment, and a sense of community/
belonging) benefits; however, they felt less responsible
for the health of the lake. A similar study was conducted by
Debo (1977), in which attitudinal surveys were completed
by residents and other visitors to understand the perceived
advantages and disadvantages of being situated near lakes
(Georgia, America). It was concluded that the lakes do have
a positive impact on the property prices, according to the
residents. Waltham et al. (2014) also conducted surveys on
community members who attended a meeting regarding
their thoughts on the freshwater urban lake located in
Queensland, Australia. It was found that respondents had a
significant appreciation for the aesthetics of the lake.
However, they also mentioned that the lake required
better aquatic ecosystem and water quality management.
Hedonic property price approach has been used more
frequently to understand the impact of any system on
property values. Hedonic pricing method takes into
consideration the fact that properties are not homogenous.
Aspects such as number of bedrooms, bathroom, property
size, neighbourhood and environmental attributes differ
between the properties (Michael, Boyle & Bouchard 1996).
This method utilises information such as past property
data to understand the impact (Beal, 2007; Mahan et al.,
2000). The model utilises linear and nonlinear regression
models to estimate the impact of different characteristics
on the property prices.
Studies conducted by Mahan et al. (2000), Tapsuwan
et al. (2009), Boyer and Polasky (2004), Frey et al. (2013),
and Wen et al. (2014) utilised this method to quantify the
impact of the urban lakes/wetlands on property prices.
Other studies (Artell, 2014; Gibbs et al., 2002; Leggett and
Bockstael, 2000; Walsh, 2009) have gone further and also
estimated the impact of water quality of the lake/wetland
on the property prices.
No studies have been conducted regarding the commu-
nity feedback on the lake/wetland system, especially in
New South Wales, Australia. It is important that there is a
clear picture of what the community want and need to be
able to efficiently design future stormwater storage
systems in urban residential areas. The main aim of thisstudy, using Woodcroft and Wattle Grove Lake systems in
Western Sydney, New South Wales, Australia, was to
understand the impacts of urban lakes on community
well-being and their view on property prices. Additionally,
the hedonic pricing approach seems to be an efficient
method of estimating the impact of various aspects on
property prices, provided that the data collected and used
are valid. Therefore, the hedonic pricing approach can be
used as a means of quantitatively supporting the survey
results. This analysis covers several aspects related to
economic, environmental, and social impacts of urban lake
systems while contributing to improving stormwater
management. The environmental aspects related to water
quality of these urban lakes can be found in the study
conducted by Natarajan [4_TD$DIFF]et [5_TD$DIFF]al. ( [6_TD$DIFF]2018).
2. Study area
2.1. Wattle Grove Lake
Wattle Grove Lake is a constructed urban lake located
within the residential suburb of Wattle Grove, belonging to
Liverpool City Council in New South Wales, Australia. The
Australian Defence Force used this area until 1992 and
1993, when the lake was constructed during development
of residential housing. The main purpose of the lake is to
improve stormwater quality and to provide some flood
storage. The lake and associated parkland cover approxi-
mately 2.5 ha and the catchment area is approximately
95 ha, with roughly 1022 residential properties. Wattle
Grove Lake is shown in Fig. 1.
Additionally, two fountains have been installed to
improve the water quality of the lake and make the
surrounding area more aesthetically pleasing. The area
surrounding the lake is landscaped in such a way that is
appealing to the public for recreational purposes and is
maintained appropriately. The area is used prominently for
exercising and walking. Exercise equipment has been set
up to promote exercise and improve the wellbeing of the
residents. A playground is set up to encourage physical
exercise in younger visitors. The lake does not allow for
primary contact by visitors as it is used as more of a
treatment system for stormwater. Generally the water
quality is poor with high turbidity and suspended solids.
Nutrient concentrations are also higher than guideline
values (Natarajan et al., 2018).
According to Australia Bureau of Statistics (2016), there
are 8952 people in the Wattle Grove area. Of the residents
in the area, 39.1% were over 40 years old.
2.2. Woodcroft Lake
Woodcroft Lake and Wetland combine to form a
stormwater management system located within the
Blacktown City Council area, about 5 km northwest of
Blacktown, New South Wales, Australia. In 1993, previ-
ously a clay quarry, the lake and wetland was constructed
in its place. The lake occupies approximately 3.2 ha, the
wetland is about 1.5 ha and the park land around the
wetland and lake is approximately 4.9 ha. Stormwater
drains into Woodcroft Wetland and Lake from a 53-hectare
[(Fig._1)TD$FIG]
Fig. 1. Aerial view of Wattle Grove Lake (Google Maps, 2017).
S.K. Natarajan et al. / Ecohydrology & Hydrobiology 18 (2018) 412–419414catchment, passing first through the wetland and then
entering the lake. Woodcroft Wetland and Lake are shown
in Fig. 2.
To improve and promote physical wellbeing of the
public, exercise equipment and walkways have been
included. A community hall is also being constructed near
the lake. Primary contact with the water or any recrea-
tional activities inside the lake and wetland are not
allowed by the visitors as their main purposes are to treat
and store stormwater. Generally the appearance of the
water is pleasant. However, similar to Wattle Grove Lake,
high nutrient concentrations (compared to the ANZECC
guideline values) have been recorded (Natarajan et al.,
[6_TD$DIFF]2018).[(Fig._2)TD$FIG]
Fig. 2. Aerial view of Woodcroft Lake and Wetland (inAccording to the Australia Bureau of Statistics (2016),
there are 6440 people in the Woodcroft area. Around 43.9%
of the residents were aged above 40 years.
3. Methodology
To get a better understanding of the opinions of the
visitors of the lake and residents of the surrounding area,
surveys were conducted. A tailored design method refers
to the customisation of a survey to ensure participation
(Dillman, 2014). A survey was designed to take into
consideration aspects such as: quality of the lake/wetland,
maintenance of the parkland, impact to the surrounding
properties and other suggestions to improve the quality ofdicated by white outline) (Google Maps, 2017).
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University’s Human Research Ethics Committee, approval
number H11916. The surveys did not record any personal
information. The survey consisted of 30 questions that
were multiple choice, scale, or short answers. Questions
were broken down into three parts: household, lake
system, and property details. The questions in the lake
system section explored aspects related to water quality,
property prices, and well-being. It took approximately
15 min to complete the survey.
Colourful images of the lake and associated parkland
were used to design the survey to appeal to the community
and to encourage them to complete the survey. A
combination of surveying methods was used to get the
most feedback from the community members, which
included onsite surveys, an online link (using Google
Forms link), and letter drop off to properties in surrounding
areas. The onsite surveys were completed by willing
participants who were visiting the lake. Only individuals
over the age of 18 were approached. The surveys that were
done in person allowed for respondents to provide more
detailed and open-ended answers to the questions.
Additionally, the respondents provided some suggestions
and other feedback that were not a part of the prepared
survey. Facebook was utilised as a platform to advertise the
survey. Community pages for each site were contacted and
asked for approval prior to posting a Google Form link for
the survey. At both locations, surveys were left in
letterboxes with a prepaid return envelope. In all the
methods of data collection, the questions were completely
voluntary and participants could choose not to answer any
particular question. The summary of survey questions is
shown in Table 1.
Data collected from online survey were directly linked
to Google Forms. On the other hand, at the end of the
survey, data collected from onsite and letter box drop-off
surveys were entered into Google Forms, which compiled
the responses and presented percentages and frequencies
for each question. No other statistical analysis was carried
out.
Hedonic property price approach was used to estimate
the impact of urban lakes on property prices. Actual sale
prices of property surrounding the two sites were collected
by using online databases, namely propertyvalue.com.au
powered by CoreLogic and realestate.com.au (REAGroup
2017). A total of 471 properties were compiled. The data
was analysed using the hedonic method. The impact ofTable 1
Summary of the survey questions.
Survey sections Question types Example que
Household Multiple choice and short answer ‘‘How long h
household?’






Property details Multiple choice ‘‘How long d
backyard ancharacteristics such as number of bedrooms, bathrooms,
car parking, lot size, position, and variables such as
neighbourhood and the environment were also studied.
Minitab was used to compile data and run the linear
regression analysis.
4. Results and discussion
4.1. Respondent demographics
A total of 93 surveys were completed in the two
locations. It was found that the respondents from the
Wattle Grove suburb resided in that area from as little as
1 year up to 27 years. In both locations 60% of households
had children. In Woodcroft, the duration of stay ranged
from 2 weeks to 40 years. Selected questions and their
responses are discussed in the sections below.
4.2. Respondents view on water quality and property prices
It can be seen in Fig. 3 that 65% of respondents at Wattle
Grove and 70% of respondents at Woodcroft believed that
their respective urban lakes did have some impact on their
decision to live in the area. This may be attributed to the
facilities provided in the landscape and the design of the
parkland which allows for recreational activities for
visitors of all ages, a view of the lake, and an access to
nature. A study conducted by Debo (1977) had a similar
finding for man-made lakes in which the respondents from
a study site felt that the lake had a major impact in the
decision to purchase a home in the area. This aspect
illustrates the importance of green space infrastructure on
individuals’ preference to live in a particular area.
As shown in Fig. 4, about 72 to 83% of respondents from
both areas agree that the lake has a positive impact on the
property price. This is perceived as a tangible benefit for
residents. This trend was also seen in the study conducted
by Walker et al. (2013). As mentioned previously, the view
and ease of access to the lake may also impact the property
price. This is seen in the hedonic property price analysis
which found the property prices to be higher near the lake
than properties further away. Green infrastructure is seen
as an asset as it may increase the opportunity to improve
physical and mental wellbeing (Berman et al., 2008;
Keniger et al., 2013; Richardson et al., 2013). In the Wattle
Grove area, a small percentage of residents believed there
was a negative impact. Their reasoning was due to lack ofstions
ave you been living in this area?’’, ‘‘Are there any children in your
’
nion, in what way does the lake system influence property price in the
t rating would you give to quality of the water in the lake?’’, ‘‘How much
ponsibility do you take for the lake regarding the general cleanliness of
What kind of improvement would you like to see regarding the lake and
d park area?’’, ‘‘Are there any concerns regarding the lake/parkland on
ronmental health?’’
o you have to travel to reach the lake?’’, ‘‘What is the size of your
d front-yard (excluding the built-up area)?’’
[(Fig._4)TD$FIG]
Fig. 4. Respondents view of the impact of the local lake on the property
prices in the area. (Wattle Grove Lake: WGL, Woodcroft Lake: WCL).
[(Fig._6)TD$FIG]
[(Fig._3)TD$FIG]
Fig. 3. Respondents view of the impact of the local lake on their decision to
live in the area. (Wattle Grove Lake: WGL, Woodcroft Lake: WCL).
S.K. Natarajan et al. / Ecohydrology & Hydrobiology 18 (2018) 412–419416maintenance of the lake/parkland area and occasional
lower water quality. On the other hand, relatively higher
percentage of respondents at Woodcroft Lake said no
impact, which may be attributed to the lesser greenness of
the parkland.
75% of Wattle Grove respondents stated that the water
quality impacts on the property value as against 67% of
Woodcroft (Figure 5). The water quality in Wattle Grove
Lake is characterised by the presence of relatively high
[(Fig._5)TD$FIG]
Fig. 5. Respondents view of the water quality on property price. (Wattle
Grove Lake: WGL, Woodcroft Lake: WCL).turbidity (Natarajan et al., 2018). This could be the reason
for higher percentages of Wattle Grove residents expres-
sing the concern on the impacts of water quality on the
property values. Additionally, community members from
Wattle Grove area were more aware of the water quality of
the lake and therefore the impact was seen as more severe.
This was observed during the onsite surveys. It was
interesting to discover that the visitors had knowledge of
the water quality parameters. Contrarily WCL appears to
be a lot cleaner and aesthetically pleasing which is
illustrated by the lower percentage impact seen in WCL.
Residents and visitors feel that most of the responsibility of
maintaining the lake and parkland goes to the local
council; however, people are willing to take action by
volunteering to clean the lake as mentioned in one of the
short open ended style question. This opinion is also seen
in the study conducted by Walker et al. (2013) in which
57% of respondents felt the responsibility of maintaining
the quality of the lake belonged to the local government.
Policy makers and council members can utilise this data in
determining the budget for maintaining and developing
future blue-green infrastructures as it is seen as an asset to
community members.
4.3. Respondents view on well-being
It can be seen in Fig. 6, 20% of respondents from Wattle
Grove and 33% of respondents from Woodcroft stated that
they visited the lake once or twice a day. Woodcroft has an
older population when compared with Wattle Grove
(43.9% of the population are over 40 years of age at WC
and 39.1% in WG). Older respondents were also observed
during the onsite surveys. This can be attributed to the
higher percentage of visitation in Woodcroft.
It can be seen that majority of respondents live over
500 m away from their respective lakes (Fig. 7). This
implies that their local lake provides them with enough
benefits for them to keep returning regardless of the
distance. From general comments, it was found that
respondents were happy to travel as they felt visiting their
local lake was a part of their routine.Fig. 6. Respondents reply when asked how often they visited the lake.
(Wattle Grove Lake: WGL, Woodcroft Lake: WCL).
[(Fig._7)TD$FIG]
Fig. 7. The travelling distance for respondents.
[(Fig._9)TD$FIG]
Fig. 9. Respondents view regarding the impact of the lake on physical
well-being.
[(Fig._10)TD$FIG]
Fig. 10. Respondents view regarding the overall impact of the lake on
improved quality of life.
S.K. Natarajan et al. / Ecohydrology & Hydrobiology 18 (2018) 412–419 417Fig. 8 shows 51% of Wattle Grove and 76% of Woodcroft
respondents stated that the lake had moderate to
significant impact on their mental well-being. The water
quality appears to be better in Woodcroft than Wattle
Grove which also accounts for the difference in percentage.
As green spaces are constructed for multiple purposes, one
being community betterment (Nutsford et al., 2013), it is
clearly seen that the lakes studied have provided mental
well-being benefits. Previous studies have shown the
benefits of interacting with nature for improvements in
mental well-being (Berman et al., 2008; Thompson, 2002)
which appears to be reinforced in this study.
Similar to the mental well-being responses, 79% of
Woodcroft respondents specified the lake had moderate to
significant positive impact on physical well-being (Fig. 9).
For Wattle Grove, 52% of respondents stated that the lake
had moderate to significant positive impact on physical
well-being which indicates that there is some benefit to
living near the lake; however, the percentage is lower than
Woodcroft which could be attributed to the water quality
of Wattle Grove Lake. Blue infrastructure, along with other
factors such as greenery, were found to have positive
impact on physical activity according to Douglas (2012).
Regarding quality of life, 58% of Wattle Grove and 87% of
Woodcroft respondents believed their local lake improved
their quality of life (Fig. 10). Higher percentage in
Woodcroft may be linked to improvements in the mental
and physical wellbeing of respondents from that area than
[(Fig._8)TD$FIG]
Fig. 8. Respondents view regarding the impact of the lake on mental well-
being.in Wattle Grove. However, this needs to be further
investigated. A study conducted by Maas et al. (2006)
found that the amount of green space in an individuals’
residential suburb had a positive impact on perceived
health.
16% of respondents from Wattle Grove and 28% of
respondents from Woodcroft believed they would not
exercise if their urban lake did not exist (Fig. 11). This
illustrates the importance of the local lake on community.
Similar trends were found in a study conducted by Astell-
Burt et al. (2013) in which individuals living in greener
neighbourhoods were found to have a lower risk of stress
and generally more active than less greener places.
However, the benefits were only seen by people who
visited the green space. It was concluded in that study that
public open spaces proved to improve physical and mental
well-being. Access to a public open space such as an urban
lake promotes physical and mental wellbeing (Mitchell
and Popham, 2008). Additionally it helps to create a sense
of community as it promotes interaction with other
visitors (Walker et al., 2013).
Results shown in this study (Figs. 7–11) and past
studies (Astell-Burt et al., 2013; Badland et al., [7_TD$DIFF]2014;
Walker et al., 2013) done on public well-being provide
Table 3
Model summary.
S R-sq R-sq (adj) R-sq (pred)
93235.6 70.22% 69.83% 69.02%
[(Fig._11)TD$FIG]
Fig. 11. Respondents reply when asked whether they would exercise/
walk irrespective of the lake/parkland existing.
Table 2
Model summary and coefficients of regression modelling.
Term Coef SE Coef t-value p-value VIF
Constant 154235139 6540951 23.58 0.000***
Year sold 76714 3246 23.63 0.000*** 1.01
Bedrooms 26763 8591 3.12 0.002*** 2.08
Bathrooms 59315 9114 6.51 0.000*** 1.80
Car space 3203 5919 0.54 0.589 1.31
Lot size (m2) 426.4 37 11.53 0.000*** [3_TD$DIFF] 1.59
Lake drive (m) 17.33 6.87 2.52 0.012** 1.07
** Significant at 5%.
*** Significant at 1%.
S.K. Natarajan et al. / Ecohydrology & Hydrobiology 18 (2018) 412–419418evidence for developers and policymakers designing public
areas to improve designs to further promote healthy living
(Koohsari et al., 2015). Investment in blue-green infra-
structure within urban centres would benefit all stake-
holders over both short and long-terms. These benefits
include both tangible and intangible ones. Further research
is required which can provide rigorous cost–benefit
analysis.
4.4. Hedonic property analysis
To quantify the benefits of living closer to the lake, a
regression analysis was carried out. Besides the distance
from the lake to the residential property several other
parameters such as, various facilities and characteristics of
the property were included in the regression analysis. A
total of 334 and 135 property data were collected for
Wattle Grove and Woodcroft, respectively. A linear
regression modelling for the combined data was complet-
ed. The model is given below:
Regression equation
Property price ¼ 154235139þ 76714  Year sold
þ 26763  Bedroomsþ 59315
 Bathrooms3203  Car spaceþ 426:4
 Lot sizeðm2Þ17:33  Lake driveðmÞ
The output of the regression modelling shows that
there is significant positive impact (p< 0.05) of the lake on
property price. The negative coefficient indicates that
farther the property is from the lake, the less value it has.
This is also supported by the community survey results in
which over 70% of respondents believed that the lake
system had positive impact on property price. In terms of
actual prices, the property price increases by AU$17.33 for
each metre the property is closer to the lake. This was also
observed in a study conducted by Tapsuwan et al. (2009) in
Perth, Australia, where the property price increased by
AU$42.40 for each metre the property is closer to the water
body.
Tables 2 and 3 show the model summary and
coefficients of the regression. As shown in Table 2, mostof the independent variables have a significance level of
p< 0.05, except car spaces. It is expected that the car space
should have positive effect on the property price. However,
in the current case, the car space has a negative impact,
which is not accurate. This may be due to not considering
other parameters such as distance to public transport and
geographical location of the property. Nevertheless, the
regression coefficients as shown in Table 3, appear to be
reasonable. This suggests that the above regression
equation provides reasonably good fit to the data collected
in this study.
5. Conclusions
Urban lakes have been constructed to serve multiple
purposes that include flood retention, land value improve-
ment, and community development. The positive or
negative impacts of the lake are dependent on many
external factors. Over 50% of respondents from both sites
believe some improvement in their physical and mental
well-being. Therefore, it can be said that lakes in urban
areas are great community assets. However, the percen-
tages vary between the study locations due to the
difference in lake water quality, greenness of the
surrounding parkland and the background of the residents
in the area. The community survey found that the urban
lakes and their water quality seem to have significant
impact on the price of nearby homes. Respondents from
Woodcroft Lake did have more positive replies than Wattle
Grove Lake for almost all the questions in the survey which
may be attributed to better water quality in Woodcroft
Lake than Wattle Grove Lake.
Responses from community show that there is an
overall positive perception of the lake and associated
parkland. When asked, over 70% of the respondents stated
that there is a positive impact of the lake on the property
prices. Additionally, 50% of residents found that there was
moderate to significant impact of the lake on both mental
and physical wellbeing of people. Approximately, 8–16% of
respondents stated that they would not exercise if the local
lake did not exist. Also, 60% of the respondents stated that
S.K. Natarajan et al. / Ecohydrology & Hydrobiology 18 (2018) 412–419 419the lake improved their quality of life. Moreover, this is
supported by the hedonic property price analysis which
showed significant correlation between the proximity to
the lake and the property price.
The findings from this study provide some valuable
evidence to policymakers and municipal councils to
encourage investments to improve performance of exist-
ing lakes as well as develop new ones in the urban areas.
However, further research is required in this area to
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